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THE SYNERGISM OF ANESTHETICS AND HYPNOTICS WITH 
CURARE AND CURARE-LIICE ALKALOIDS 

E. P. PICK AND G. V. RICHARDS 
From the Merck Institute for Therapeutic Research, Rahway, New J ersey 

Received for publication November 14, 1946 

Curare and curare-like alkaloids have found increasing use in neurology to 
relieve or abolish the spasticity of muscles in various brain and spinal cord 
diseases (1) arid particularly in surgeo’’ to improve muscle relaxation during 
inhalation anesthesia as well as during narcosis induced by barbiturates. Clini- 
cal observations on patients under ether, avertin or pentothal anesthesia and 
also on those subjected to nitrous o.xide, ethylene or cyclopropane have revealed 
that combinations of these substances with curare produce excellent surgical 
relaxation (2, 3). Gray and Halton (4) have demonstrated in patients a definite 
synergistic action between tubocurare and the barbiturates. However, in none 
of these reports has there been an attempt at a pharmacological analysis to 
explain the reason for this effect. 

Feitelberg and Pick (5), Pick and Unna (C) and recently McIntyre, Dunn 
and Tullar (7) have demonstrated that curare and certain curare-like compounds 
produce definite changes in the electrical brain potential. The investigation 
reported in this communication was undertaken to determine whether the 
enhanced muscular relaxation resulting from the combined action of curare 
with h 5 T)notics or anesthetics should be attributed to a central or peripheral 
action of the drugs. 

Method. The investigations were carried out on mice, rabbits and cats under ether, 
urethane, chloretone, phenobarbifal aodium, morphine and pentobarbital sodium anes- 
thesia. In certain e.^periments scopolamine and a combination of morphine and scopol- 
amine were used. Tlic curare and curare-like alkaloids used were strj’chnos curare (Merck) , 
crj’Btallizcd d-tubocurarine chloride,' Intocostrin (Squibb), crystallized dihydro-P- 
crythroidine hydrobromide (Merck), quinine methochloride, quinine ethochloride' and 
quinine sulfate. In most cases the animals were first injected subcutaneously or intraper- 
itoncally with the anesthetic or hypnotic, and after a suitable period of time the alka- 
loid was administered cither subcutaneously or intravenously. In some e.xperimcnts 
the order of administration was reversed. 

To be sure that only a definite and distinct enhancement of the action of narcotics 
through combination with alkaloids was being studied, doses of the narcotics, hypnotics, 
and alkaloids which alone showed no cficct on normal animals were employed. The time 
required to produce loss of righting reflexes and complete relaxation of neck, abdonunal 
and leg muscles was noted. To obtain more complete knowledge of the state of narcosis 
produced, all changes occurringspontancously during the period of drug action were noted. 
Although the method of evaluating the degree of paralysis or relaxation was only an ap- 
proximate one, it was sufficient since it was our purpose to detect only positive action. 

'The senior author (E. P. Pick) wishes to e.xpress his thanks to Dr. O. Wintcrstciner of 
the Squibb Institute for Medical Research for the d-tubocurarine and to Dr. Oliver Kamin 
of Parkc-Davis and Company for the quinine-etliochloride used in this study. 
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Hence a most valuable indication of a synergistic action was the paralysis which immedi- 
ately followed intravenous injection of the alkaloid in animals previously treated with 
narcotics or anesthetics. 

A. CuKARE. I. Aclion of curare with clhcr in mice. A suitable sub-effective 
ether concentration for mice (0.25 cc. of ether in a 1.5 liter bottle) was first 
determined. Groups of 3 to 10 mice kept in this ether concentration for one- 
half hour or longer were not anesthetized. Also it was established that the 
subcutaneous administration of 0.30 mg. per kg. or less of d-tubocurarine chlo- 
ride, 1.8 mg. per kg. or less of Intocostrin, or 1.8 cc. per kg. of a solution of 
sti^mhnos curare produced no noticeable effects in mice. 

Wlien mice pretreated with these ineffective doses of the different curare 
preparations were exposed, 10-28 minutes later, to the sub-effective ether 
concentration a considerablj’' enhanced sensitivit 3 ’' to ether was observed. With- 
in 10 to 15 minutes after exposure all animals exhibited complete motor paral 3 'sis 
without appreciable demonstrable anesthesia; in some cases death occurred. 

The state of alteration depends not onl 3 ’' on the amounts of curare and ether 
administered, but also on the length of time which elapses between the injection 
of alkaloid and exposure to anesthetic. That the concentration of ether is 
critical was demonstrated in an e.xperiment in which mice dosed wth the same 
amount of strychnos curare (2.0 cc. per kg.) were e.xposed to different concen- 
trations of ether. When a concentration of 0.1 cc. ether in a 1.5 liter bottle 
was employed only a slight degree of narcosis was noted. However a concen- 
tration of 0.25 cc. ether in the same volume of air produced a deep prolonged 
narcosis and a death rate of 62.5%. In another series of e.xperiments it was 
shown that if the period between the injection of curare and e.xposure to ether 
was permitted to extend for 50 to 100 minutes, it was impossible to demonstrate 
increased sensitivity to ether even when the amount of previously administered 
curare was in itself sufficient to produce a slight degree of paralysis. Apparently 
within this time, a greater part of the curare was either excreted or destro 3 'ed. 

II. Aclion of d-lubocurarine chloride u'ith phenobarbital sodium, trichlorobulanol 
and vrclhanc in mice, hlice prepared by' injecting subcutaneously d-tubocura- 
rine chloride (0.3 mg. per kg.) were treated after a 10-15 minute interval with 
phenobarbital sodium (40-80 mg. per kg.) or trichlorobutanol (80 mg. per kg.). 
In some e-xpeiiments the order of treatment was reversed. The doses of alkaloid 
and hy^pnotics employed when administered alone, produced no visible effect 
on the animals. 

In the experiments with alkaloid and phenobarbital sodium or alkaloid and 
trichlorobutanol a narcotizing effect similar to the previously described curare- 
ether symergism was achieved. It made no difference in the enhancement of 
the narcotizing action whether pretreatment was made with the alkaloid or 
with either of the hy^pnotics providing that the time between the application 
of the two drugs was limited to 10-15 minutes. However, the narcotizing 
(paraly'zing) action seemed to be more dependent on the administration of a 
sufficient dose of the hy^pnotic than on the amounts of curare injected. This 
was made evident by the poor and delayed narcotizing action obtained in e.xperi- 
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ments in which 0.4 mg. per kg. and 0.3 mg. per kg. of d-tubocurarine chloride 
were combined with only 40 mg. per kg. phenobarbital-sodium. 

Contrarj' to the enhancement of effect produced by phenobarbital or trichlo- 
robutanol combined with d-tubocurarine chloride, it was impossible to demon- 
strate a similar effect with small doses of urethane. Mice treated ndth urethane 
(0.2-0.4 mg. per kg.) and later injected with d-tubocurarine chloride (0.2 mg. 
per kg.) or irith dihydro-jS-erj'throidine hydrobromide (2.0 mg. per kg.) showed 
no increased hypnotic action. 

III. Action of curare with ‘pentobarbital sodium in cats. These experiments 
were performed on cats weighing 2.5-3.5 kg. injected intraperitoneally with 
pentobarbital sodium solution in doses of 5, 10, 15, 20 mg. per kg. Pento- 
barbital alone in these doses did not produce a deep narcosis or anesthesia. 
Animals dosed with 10 mg. per kg. of pentobarbital, (approidmately one-third 
of the dose necessary for full anesthesia) walked unsteadily, but showed no 
signs of sleep or change in position such as Ijdng on their sides. Thirty to sixty 
minutes after the injection these cats were again normal. This dose of pento- 
barbital was employed in most of the following experiments. 

In the first series of experiments d-tubocurarine chloride in doses of 2.0, 4.0 
and 8.0 mg. per kg. was injected subcutaneously into cats pretreated with pento- 
barbital (10 mg. per kg.). No enhancement of the narcotizing action of the 
hypnotic was obtained. It is probable that the relatively slow absorption 
followbg subcutaneous administration combined with rapid excretion or de- 
struction of curare prevented the attainment of a blood level of the alkaloid 
sufficiently high to establish narcosis when combined with only slightly effective 
amounts of pentobarbital. Therefore it was considered that more favorable 
results might be expected following intravenous administration of the alkaloids. 

Results of experiments in cats prepared rrith pentobarbital sodium and in- 
jected intravenously with d-tubocurarine chloride are shown in table 1. Cats 
pretreated intraperitoneallj’ with 5 mg. per kg. pentobarbital and later injected 
intravenously with 0.04 mg. per kg. of the alkaloid showed no visible enhance- 
ment of narcosis, (experiment 5, table 1). On the other hand, cats prepared 
bj' the intraperitoncal administration of 20 mg. per kg. pentobarbital were 
immediately paralyzed following the intravenous injection of 0.05 mg. per kg. 
d-tubocurarine chloride (experiment 10, table 1) despite the fact that 20 mg. per 
kg. pentobarbital alone was not able to produce complete muscular relaxation 
within 15-20 minutes after injection. 

Doses of crystalline d-tubocurarine chloride of 0.05-0.10 mg. per kg. intra- 
venously, representing only 6 to 12 per cent of the dose causing complete paraly- 
sis in cats, when combined with small amounts of pentobarbital usually produced 
an immediate relaxation of all muscles with the exception of the diaphragm. A 
similar ratio between the relaxing and the completely paralyzing doses was 
demonstrated in experiments with stiyclmos curare (Merck). As little as 10 
per cent of the faUil intravenous dose for cats (about 2 mg. per kg.) produced 
complete relaxation immediately after intravenous injection into cats pre- 
treated with pentobarbital. No paraly.ris of the diaphragm or change in respira- 
tion was noted in these animals. 
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The enchancement of the curare effect is therefore apparentlj’^ linked with the 
first stages of curare action on the striated muscles of the extremities, abdominal 
wall and the neck. It is probable that the amounts of curare used in our experi- 

TABLE 1 


Curare e^peritnents in cate ^retreated with pentobarbital sodium 


NO. oy 
ZXPgBDgKT 

WZJGHT OT 
CAT IK XG. 

PENTOBAXBXTAl. 

SODIUM 

INTXBVAI. 
BirTtt'EEN 
PXNTOBAXSITAl, 
EODTUII AND 
CtTXAXE 
IKpICnOK 

d-TU- 

BOCUBAXIKE Cl 

! BBSULTS 

I 

1 

2.7 

tntJit. (i-t.) 

2.0 

rrtinuUs 

25 

<» f‘) 

0.037 

20 min* later — asleep. 2 hrs. 
later — mostly asleep. 

2 

2.0 

2.0 

30 

0.05 

so min. later — asleep. 2 brs. 
later — not asleep. 

3 

2.5 

2.0 

15 

0.08 

Not asleep. 

4 

2.1 

2.0 

20 

0.10 

Not asleep. 

S 

2.5 

5.0 

2 

0.04 

Not afifected. 

G 

3.1 

10.0 

2 

0.1 

Immediately sleepy, com- 
pletely rela.xed, not anes- 
thetized. 5 min.,after cu- 
rare injection-^./ mg. 
prostigmine i.v.: 2 min. later 
tried to walk, pupils large, 
9 min. later — walked un- 
steadily. 1 hr. 13 min. later 
— normal. 

7 

2.6 

10.0 

5 

1 

0.076 

1 

5 min. later — sleepy — on side. 
30 min. later— deep sleep. 
2 hrs. later — deep sleep, but 
not anesthetized. 


2.65 

10.0 

10 

i 

i 

0.075 

Immediately lies on side, 
moved only head. 2 min. 
later cannot raise head, pu- 
pils small. 10 min. later— 

1 sleepy. 25 rain, later— 
awakens unable to walk. 
40 min. later — walking un- 
steadilj', recovering. 

9 

2.7 

20.0 

7 

0.1 

Paral 3 'zed immediately, on 
side, unable to move, com- 
pletely relaxed. 15 min. 
later — narcosis. 30 min, 
later — begins to move. 
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TABLE 1— Concluded 


KO. 07 
nuraaftiKT 

WEIGHT 07 : 
CAT m KC. 

PEKTOSASBITAt 

SODIOU 

mrexvKL 

BETWEEN 

pektosasbxtae 
soonnt AND 

CUBASE 

INJECnON 

d*Tn- 

BOCUSASINE Cl 

HEsnvrs 



mt./h. (i.f.) 

mxTtuUs 

Blf./it. (*.'•) 


10 

3.0 

20.0 

4 

0.05 

2 min. later — on side, not 
completely relaxed, no anes - 
thesia. 7 min. later — com- 
pletely paralyzed, relaxed, 
narcosis. 52 nun. later — 
unchanged. 1 hr. 22 min. 
later — 0.17 mg. prostigmine 
cat moved legs violently, 
tried to move head, still 
affected by nembutal. 

11 

2.8 

— 


0.1 

No effect. 

12 

2.6 

— 

■ 

0.2 

After 1 min. — lying on side. 
After 3 min. fully recovered. 

13 

2.6 

— 


0.2 

No effect. 

14 

2.6 

— 


0.4 

No effect. 

15 

2.6 


1 

0.8 

Cat almost died of respiratory 
failure. Immediately given 
0.2S mg. prostigmine i.v . — 
after 24 rain. — attempted to 
walk . 


ments were too small to afTect the function of the more resistant diaphragm and 
other respiratory muscles. It may also be considered that the increase of the 
curare effect depends on the central action of the hypnotics despite the fact that 
curare itself is mainly responsible for the selection of muscles and the disappear- 
ance of tonus and motility. In this connection the effect of prostigmine on cats 
paralyzed after treatment with pentobarbital and curare should be mentioned. 
While an intravenous injection of 0.25 mg. prostigmine immediately antagonizes 
the fatal-action of 2 mg. per kg. stryebnos curare and produces a complete re- 
coverj'- within 5 minutes the prostigmine action on the cats treated with pento- 
barbital plus curare is limited to the peripheral effects, permitting movements 
of the CKtremities and head, although the animals still appear sleepy. The con- 
trol of the combined hjpnotie and curare action is not considerably influenced by 
prostigmine. This is in accordance with experiments on frogs made by Pick 
and Unna (4) which showed the independence of the central and peripheral 
actions of d-tubocurarine chloride. 

B. EnYTiinoiDiNT.. Extensive pharmacological investigations concerning al- 
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kaloids of erythrina were performed by TJnna and Greslin (8), by Unna, Kniazuk 
and Greslin (9), and Pick and TJnna (6). It was shown that one of the most po- 
tent erythrina alkaloids, dihydro-)S-eiythroidine hydrobromide, produced the 
same central and peripheral effects as d-tubocurarine chloride; and that while its 
peripheral effects were counteracted by the administration of prosJ;igmine, such 
treatment did not restore the brain potentials or the synaptic transmission m the 
brain. 

I. Action of dihydro-P-eryihroidine hydrobromide with ether in mice. Mice 
weighing 20-30 gms. were injected subcutaneously with small doses of dihydro-;3- 
eiythroidine hydrobromide and 7-20 minutes later were exposed to a low ether 
concentration (0.25 cc. ether in a 1.5 liter bottle). While amounts of 4, 6, 16, 
20, 24, mg. per kg. respectively of dihydro-/S-erythroidine were found to be in- 
effective or to produce only a slight temporary paralysis when administered alone, 
the same amounts combined with ether not only paralyzed, but occasionally killed 
the mice. Thus ether enhanced the action of dihydro-;8-erythroidme in a man- 
ner similar to that demonstrated in the preceding experiments.wth curare. On 
the other hand, the subcutaneous injection of phenobarbital sodium produced 
only a slight and doubtful enhancement of effect in dihydro-/3-erythroidine 
treated mice. 

II. Action of dihydro-P-erythroidine hydrobromidc with pentobarbital sodium in 
cats. Cats premedicated with pentobarbital sodium and 5 to 15 minutes later 
injected subcutaneously with dihydro-/S-erythroidine hydrobromide even in con- 
siderable amounts showed a no greater narcotizing or paralyzing effect than could 
be demonstrated with the pentobarbital sodium alone. A similar observation 
had been made with curare administered subcutaneously. However, when the 
alkaloid was administered intravenously a definite synergistic action was demon- 
strated (experiment 1, 3 and 4, table 2). The amount of dibydro-zS-eiythroidine 
employed was approximately one-third of that necessary to produce complete 
paralysis in the cat. In the experiment in which the injection was made 20 
minutes after the injection of pentobarbital, no distinct synergistic effect was 
noted, again indicating the importance of the time interval between the adminis- 
tration of the drugs. Prostigmine counteracted the peripheral action but did not 
inhibit the central action of the combined eiythroidine-pentobarbital effect (ex- 
periment 3, table 2). This was made apparent by the state of drowsiness and 
muscular incoordination present in the animal after the administration of prostig- 
mine. It should be noted that in some experiments the combined action of dihy- 
dro-/5-erythroidine and pentobarbital produced slight anesthesia in addition to 
paralysis. Such anesthesia was not obsen-ed in the curare-pentobarbital 
animals. 

C. Quinine esters. Since it had been shonm by several investigators (6, 10, 
11,12) that quinine methochloride and quinine ethochloride possessed curare-like 
properties, it seemed of interest to study the action of these substances when 
combined with ether in mice and wth pentobarbital sodium in cats. 

I. Action of quinine methochloride and quinine ethochloride with ether in mice. 
Quinine methochloride and quinine ethochloride when injected subcutaneously 
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TABLE 2 


Dihydro p-erylhroidinc experiments in cats pretreated with pentobarbital sodium 


NO. OT 

trrncBT OT ; 
CAT IN %a. 

PENTOBAXDITAI. 1 
SODTCU 

ZNTESVAL 
BETWrEN 
PXNTOBXtBITXI. 
SODtOU AKD * 
EEYTHIOIDISE 
INp^CnON 

t>nrfi>BO 

S*£EyTirSOU»NE 

HBr 

BESUtTS 

1 

3.4 

I’t./It- Ci.J'.) 

10 

rtiRtttei 

10 

0.4 

1 mm, later — cat sleeping on 
side. 10 min. later— deep 
narcosis, complete muscle 
relaxation. 45 min. later — 
same. 1 hr. 20 min. later 
still in deep narcosis. 

2 

3.9 

10 

20 

0.4 

47 min. later — weak and not 
coordinated. Not sleepy. 

3 

2.4 

10 

j 

13 

0.4 

Immediately lies on side, 5 
min. later paralyzed, slight 
anesthesia, pupils small . 10 
min. later — same. 13 min. 
later — i.v. injection of 0.1 
mg. prostigmine. Cat stood 
up — walked unsteadily. 42 
min. later — ran around, still 
unsteady in hind legs — some 
drowsiness. 

4 

2.4 

10 

5 

0.3 

5 min. later — tried to walk — 
very unsteady, 10 min. later 
— lies on side, sleepy, some 
anesthesia. 22 min. later — 
tried to walk- — no longer 
sleepy. 

5 

3.0 

\ 


■ 

0.4 

2 min. later — hind legs weak — 
struggled to walk. 15 min. 
later — sat normally — alert. 
75 min. later — normal. 

6 

3.6 


H 

0.4 

Immediately — dyspnea. 10 

min. later — normal. 50 

min . later — quiet . 

7 

2.3 


1 

1.00 

Immediate respirator}' failure, 
dying. 1 min. later— OjS5 
mg. prostigmine i.v, 3 min. 
later— reacted to prostig- 
mine. Still paralyzed. 20 
min. later — walked nor- 
mally. 








8 


E. P. PICK AND G. V. EICHARDS 


into mice were ineffective at doses of 50-100 mg. per kg. AVhen mice premedi- 
cated with these quinine esters (40 mg. per kg.) were exposed to an ether concen- 
tration of 0.25 cc. in a 1.5 liter bottle only a slight paralj’^zing action was observed. 
With 80 mg. per kg. of either ester a somewhat greater effect was demonstrated. 

II. Action of quinine metliochloTide and quinine ethochloride with pentobarbital 
sodium in cats. Subcutaneous administration of these esters in doses as large as 
17-25 mg. per kg. had no definite influence in increasing the paralyzing or nar- 
cotizing action in cats premedicated with pentobarbital. Better results were 
obtained TOth quinine methochloride injected intravenously. For example, the 
intravenous injection of small doses of this quinine ester d of fatal intravenous 
dose) immediately paralyzed cats pretreated with pentobarbital sodium 
(table 3). 

As in the curare and erythroidine experiments, premedication with the bar- 
biturate is the most important factor in changing a refractory animal to one sen- 
sitive to paralyzing drugs. Whereas, immediate paralysis follows the administra- 
tion of quinine methochloride to animals premedicated ivith pentobarbital, only 
light sleep without complete muscular rela.xation occurs in animals premedicated 
with the quinine ester and 15-30 minutes later injected vdth the hypnotic. This 
is probably due to the disappearance of the quinine esters from the circulation 
into the tissues where they are partly transformed into inactive quinine com- 
pounds which are quickly excreted. This was demonstrated by an experiment 
in which a cat weighing 2.8 kg. was injected intravenously with quinine metho- 
chloride (2 mg. per kg.) and 30 minutes later received pentobarbital (10 mg. per 
kg.) intraperitoneally. Within 25 minutes the cat became somewhat sleepy and 
after one hour was very sleepy but at no time was there any evidence of a paralyz- 
ing action. 

Quinine methochloride (1 mg. per kg.) and strychnos curare (0.2 mg. per kg.) 
simultaneously injected intravenously had no greater effect w'hen combined with 
pentobarbital (10 mg. per kg. intraperitoneally) than did qumine methochloride 
and curare alone. Prostigmine counteracted the peripheral curare-like effect of 
quinine methochloride on the neuromuscular junction, but did not interfere with 
its action on cerebral synaptic transmission (e.\periment 2, 3, 4, table 3). 

D. Action or qmNiNE sulfate with pentobarbital sodium in cats. The 
generally known depressant action of quinine salts on the striated muscles and 
the suggestion by Harvey (13) that this effect may be attributed to a curare-like 
action, led us to consider whether a combination of quinine salts with hypnotics 
would have an action similar to that of pentobarbital sodium combined with 
quinine esters. Experiments with quinine sulfate administered intravenously 
to cats premedicated with pentobarbital, however, showed no synergistic effect. 
Moreover, prostigmine had no counteracting effect on the action of this combina- 
tion. 

Apparently, unlike the quinine esters, quinine has no central curare-like syner- 
gistic action with anesthetics. 

E. Action of morphine sulfate with cuR.iRE-LiKB alkaloids. In previous 
e.xperiments it wms obsen'ed that combination of curare-like alkaloids with ether 



TABLE 3 


Quinine mcihochloridc experiments in cate pretreated teith pentobarbital sodium 


Ko. or 

ZXPIRI- 

KENT 

WEIGHT 
or CAT 
IK EG. 

PENTOBAE- 

BITAI. 

SODIUU 

XNTEEVAL 
BETWTEN 
PENTOBARBTTAI. 
SODITTU AKB 
QUtHIKIl 
UETHOCXaOEIBE 
INJECTION 

QUtKIKE 

METHOariJoaroc 

RESULTS 

1 

2.4 

Wf./lf. 

10 

mtRU/<x 

10 

2.0 

Immediately paralyzed not anes- 
thetized. 15 min. later — un- 
able to rise. 20 min. later 
struggled, unable to stand. 55 
min. later — started to move. 
70 min. later — walked almost 
normally. 

2 

3.7 

10 

7 

2.0 

Immediately paralyzed — lies on 
side. 3 min. later — some 
movements. 6 min. later — 
0.25 mg. prostigmine i.v. 1 min. 
later — struggled to walk. 15 
min. later — staggered — rested 
frequently. 60 min. later — 
almost normal. 

3 

3.4 

i 

10 

10 

1 

2.0 

7 min. later — cat lies on side, 
some paralysis, not completely 
relaxed. 14 min. later — tried 
to walk. 15 min. later — 0.25 
mg. prostigmine i.v., ran im- 
mediately, staggered. 7 min. 
later — lies on side. 20 min. 
later — attempted to walk. 80 
min. later — walked normally. 

4 

1.8 

10 

10 

2.0 

No immediate additional effect. 
20 min. later — on side, sleeping, 
paralyzed. 20 min. later — 
0.25 mg. prostigmine i.v. Cat 
immediately sat up but did not 
walk. 40 min. later — did walk 
— weak. 105 min. later — al- 
most normal. 

5 

2.8 

— 

— 

2 0 

Not affected. 

6 

2.9 



2.0 Quinine 
metho- 
chloride 
+0.4 Strychnos 
curare 

Not affected. 

7 

2.1 

— 

— 

5.0 

Not affected. 

8 

3.0 

— 

— 

8.3 

Immediate respiratory paralysis. 


9 
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or with pentobarbital sodium may considerably enhance the action of the curare 
drugs. From the theoretical as well as the practical point of view, it seemed 
important to determine whether pretreatment with morphine sulfate, which is 
generally used as a pre-anesthetic medication, either alone or combined with 
scopolamine would strengthen the action of the curare-like alkaloids. Morphine 
sulfate was, therefore, administered subcutaneously to mice (80 mg. per kg.) and 
to cats (3-6.5 mg. per kg.) and intravenously to rabbits in doses of 2.5-10 mg. per 
kg. After a short time small doses of the curare-like substance were adminis- 
tered either subcutaneously or intravenously. 

The experiments in mice showed that pretreatment with morphine sulfate un- 
doubtedly enhanced the action of d-tubercurarine chloride, dihydro-;8-ery- 
throidine hydrobromide, and quinine methochloride since paralysis in the pre- 
medicated animals followed immediately the administration of sub-effective doses 
of these alkaloids. It was interesting to note that the stimulating effects of mor- 
phine on the brain and the spinal cord, indicated by restlessness and a tail reflex, 
disappeared simultaneously ivith the administration of the curare-like alkaloids 
and reappeared again only when they were inactivated either by destruction in 
the body or by excretion. 

On the other hand, when mice were injected first with d-tubocurarine chloride 
(0.2 mg. per kg.) or with dihydro-;3-erythroidine hydrobromide (2.0 mg. per kg.) 
and 10 to 12 minutes later with morphine sulfate (80 mg. per kg.) no enhancement 
of action was apparent since the animals all exhibited typical morphine excite- 
ment and tail reflexes and no evidence of paralysis was noted. Apparently, 
therefore, these small amounts of curare and erythroidine ore quickly inactivated 
in the mouse body. When either quinine methochloride or quinine ethochloiide 
(80 mg. per kg.) were administered subcutaneously and, after an interval of 85 
minutes, morphine sulfate (40 mg. per kg.) was injected, the mice failed to exhibit 
excitement but did show the typical tail reflex. In cats premedicated by the 
subcutaneous injection of morphine sulfate (3.5-G mg. per kg.), subcutaneous in- 
jection of quinine methochloride (40-50 mg.) 5-8 minutes later failed to suppress 
the excitement produced by morphine. 

In the series of experiments conducted in rabbits the injections of morphine 
and of the curare-like alkaloids were made intravenously. Only a few of these 
animals exhibited an immediate relaxing effect similar to that noted in cats re- 
ceiving curare combined with pentobarbital sodium. In most of the animals the 
relaxation and sleep which occurred was delayed and seemed to be more the re- 
sult of a belated morphine action rather than a synergistic effect of the morphine- 
curare combination. Also in these experiments prostigmine did not produce a 
definite counteracting effect. IMiile it cannot be denied that a combined central 
morphine-curare or morphine-erythroidine action may be involved in these ex- 
periments, the present pharmacological analysis offers no definite evidence that 
morphine increases the paratyzing effect of curare-like alkaloids as does the com- 
bination of pentobarbital sodium with these substances. A similar doubtful re- 
sult was observed when curare was combined with scopolamine or with morphine 
and scopolamine. The scopolamine-curare combination was ineffective. The 
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curare-scopolamine-inorpliine combination produced an immediate but very 
transient sleep. 

Besides morpbine and scopolamme, we used papaverine to determine whether 
it would enhance the curare action. It is known that the hypnotic effect of papav- 
erine may be increased when combined with some sulfa drugs as M'ell as in the 
case of certain barbiturates (Glaubach, 14). In our experiments, performed on 
rabbits averaging 3 kg. in weight, there ivas no narcotizing effect when stryclmos 
curare (0.35 mg. per kg.) was injected intravenously seven minutes after an intra- 
peritoneal injection of 0.15 gm. per kg. of papaverine hydrochloride. Similar 
negative results were noted when rabbits given an intravenous injection of d- 
tubocurarine chloride (0.017-0.033 mg. per kg.) and several minutes later a sub- 
cutaneous injection of 0.15 mg. per kg. of papaverine hydrochloride. 

Discussion. The above results are noteworthy in several respects. First 
they seem to show more exactly and quantitatively than clinical observations, 
the synergistic action of some anesthetics and curare or curare-like alkaloids. 
Clinical studies, mainly ndth ether, but also with avertin and with certain bar- 
biturates, have shown an appreciable synergistic effect with d-tubocurarine 
chloride (2, 4, 15. 16, 17). Cyclopropane, ethylene or nitrous oxide are 
apparently quite lacking in this effect. Cullen (2) and Griffith (18) report, for 
example, that doses of Intocostrin given to a patient under ether anesthesia had 
two or three times the effect of the same dose given to a patient under cyclopro- 
pane, ethylene, or nitrous oxide. Our experiments with mice treated with a com- 
bination of curare and ether confirm these clinical findings. They indicate, 
moreover, that this synergistic action may make it possible to produce the desired 
degree of anesthesia with appreciably smaller amounts of ether as well as alkaloid 
than would be required to produce an effect if the drugs were used alone. 

Combining individually ineffective doses of pentobarbital sodium and curare, 
pentobarbital sodium and dihydro-|S-erythroidine or pentobarbital sodium and 
quinine esters enhanced the action of each and produced powerful and sometimes 
fatal effects; while combination of the curare-like substances and urethane, papav- 
erine hydrochloride, quinine sulfate, or scopolamine chloride showed no evidence 
of synergistic action. Results of experiments in which morphine was combined 
with curare alkaloids indicated a definite synergistic action in mice; evidence of 
such action in cats or rabbits was not so conclusive. The most striking results 
were obtained when curare and the curare-like alkaloids were administered in- 
travenously, subcutaneous injection being effective only in mice. In animals 
premedicated with curare-like alkaloids, the subsequent administration of hyp- 
notics produced relatively little synergistic effect probably because of the rapid 
destruction or elimination of the former. 

In cats injected intraperitoneally with pentobarbital sodium in ineffective 
doses, subsequent intravenous injection of curare or curare-like alkaloids pro- 
duced complete muscular relaxation. Indeed, sometimes complete paralysis was 
obtained with as little as of the amount of the uncombined alkaloid necessaiy 
to produce the same effect. Because the doses of anesthetics and alkaloids were 
clearly ineffective when administered alone the combined action represents a real 
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synergistic effect in which the anesthetics as w’ell as the alkaloids are involved. 
These experimental observations are in accord with the report of Gray and Halton 
(4) in which the synergistic combination of d-tubocurarine chloride (15 mg.) 
with a minimal anesthetic dose of pentobarbital produced a completely anesthe- 
tized and motionless patient despite the fact that curare alone has no anagelsic 
action. It should be mentioned here that enhanced anesthesia was not observed 
in any of our curare treated animals. It was, however, noted in cats receiving 
dihydro-/3-erythroidine and pentobarbital sodium and in mice treated with qui- 
nine methochloride and moiphine. The syneigistic action pertained only to the 
alteration of muscle movements and muscle tonus; the sensory perception re- 
mained unchanged. These observations are in accordance with the report of 
Whitacre and Fisher (17) in which evidence of pain was noted in patients operated 
upon imder complete curare paralysis and with loss of consciousness. 

The knowledge that muscular relaxation sufficient for clinical purposes may be 
obtained by the combined action of small amounts of alkaloids and hypnotics 
seems to be of importance from a practical point of view. Our experiments show 
that when larger amounts of pentobarbital are used good muscular rela.xation 
will be established with smaller amounts of the alkaloids. The total effect is, of 
course, dependeait on the si^e of the doses and persistence of action of the drugs 
used. 

The synergistic action of ether or the barbiturates with curare and curare-fike 
alkaloids seems to be due more to a central curare action than to a peripheral one. 
The experiments of Auer and Meltzer (19) and Gross and Cullen (20) on isolated 
muscle-nerve preparations suggest that a peripheral action of ether or the bar- 
biturates on the myoneural junction may be involved in the combined action of 
curare-ether and curare-barbiturate. However, many experimental and clinical 
facts have indicated a central as well as a peripheral site of action of these al- 
kaloids. The action on the electrical brain potentials (5, 6, 7), the blocking of 
the sensory impulses which influences the respiratory center before the full de- 
velopment of its peripheral action (21), and finally the inducement of sleep and 
abrupt loss of consciousness by administration of curare (1, 10, 17) are examples 
cf its central effect. Furthermore, the administration of curare by intracistemal 
injection or by way of the internal carotid artery caused a rise in blood pressure 
in cats with accelerated respiration, central vagal stimulation and prolonged local 
and generalized convulsions; paralysis of vasomotor and respiratory centers only 
occurred following prolonged action of larger doses (22). 

The reason for the enhancement of curare activity by pretreatment with ether 
or pentobarbital is not clear. Alteration in the permeability of the brain tissues 
by premedication vdth anesthetics or hypnotics may be one of several factors in- 
volved. The fact, however, that curare paralysis is mediated through both its 
peripheral and central actions as well as by alteration of various spinal and cere- 
bral reflexes, seems to exclude a simple explanation of the synergistic action with 
ether or pentobarbital sodium. These conditions are even more complicated 
since the action of ether and of barbiturates must be recognized as being to some 
extent peripheral as well as central (19, 20). 
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SUMMARY 

1. Premedication of mice and cats with small doses of ether, phenobarbital 
sodium, or pentobarbital sodium enhances the sensitivity of the animal to S- 
tubocurarine chloride, strychnos curare (Merck), dihydro-0-erythroidine hydro- 
bromide and quinine methochloride or quinine ethochloride but not to quinine 
salts. Sub-effective amounts of these curare-like alkaloids have a paralyzing 
effect on mice and cats so premedicated. The effective doses of curare and the 
curare-like alkaloids for the pretreated animals are iV to \ of the dose necessary 
to produce a similar paralyzing effect in untreated animals. There is a reciprocal 
relationship between the amounts of the alkaloids and hypnotics necessary to 
produce this synergistic effect. 

2. Premedication with urethane, papaverine hydrochloride or scopolamine 
chloride produces no distinct sensitivity for the aforenamed curare-like alkaloids. 
Pretreatment with morphine increases the effect of these curare substances in 
mice, but produces only a doubtful effect in cats and rabbits. 

3. Subcutaneous administration of curare and the curare-like alkaloids 
produced sensitization in mice, but not in cats. In this latter species inCravenous 
injection of curare is highly effective. 

4. Premedication with anesthetics (ether) or hypnotics (barbiturates) followed 
by injection of curare alkaloids seems to be justified from a practical point of view 
since it produces an increased sensitivity to the curare drugs and thus permits 
attainment of a degree of muscular relaxation which cannot be obtained with the 
same amount of curare alone. 
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Introduction. The long sunnval of frog’s e.\'cised muscle and nerve when 
kept in refrigerated Ringer solution (SoUmann, 1946) offers the opportunity to 
study slower and more prolonged actions than is usually attempted in experi- 
ments ivith excised organs. The primary object of the present investigation was 
to learn whether the processes of natural death of tissue may be influenced bj' 
chemical reagents, as they are bj' temperature; especially, whether the}' may be 
suspended or deferred, a question which opens some theoretical vistas, and which 
could have practical applications for instance in the transplantation of tissues. 
Brunquist, 1937, in a brief note reported the marked effects of temperature on 
the survival of the response of frog sartorius muscle when kept in Ringer solution, 
averaging 4.6 daj's at 25°C, 12 days at IS'C, 26 days at 5° to 6°C. It seemed 
conceivable that chemicals which affect metabolism, such as cyam'de, or local 
anesthetics, might produce analogous results. Aside from this, it appeared 
interesting to obsen'e the effects of chemicals when they act on the excised 
tissues for days instead of hours. In order to map out the field as a Avhole, 
tiurty-two substances of various types were investigated as far as they appeared 
promising for this purpose. 

Methods. Nerve-muscle preparations of the arms and legs of frogs were dissected, 
sometimes fully, sometimes only superficially. The preparation of one side was placed 
as control in a beaker with about 50 co. of s refrigerated dextrose-Ringer solution (per cent, 
NaClO.65; KC10.015; CaCljO.015; NaHCO.0.02; MgCUO.Ol; dextroseO.l). Thecontra- 
lateral preparation was placed in the same amount of the same solution containing the 
chemicals. The preparations were tested for excitability and stored in a refrigerator near 
0°C. The tests and solutions were generally renewed three times per week. To check 
the effects on the nerve itself, leg preparations were suspended by the Achilles tendon from 
the stopper of small half-filled, wide-mouthed bottles so that only the nen-e was immersed. 
This arrangement, suggested by Labes, 1929, forms an adequate moist chamber. 

Stimulation was applied through the ordinary platinum electrodes of a Harvard induc- 
tion coil, activated by a dry cell of about IJ volts, using three strengths of current, with 
the secondary at 12, 6, and 0 cm. To facilitate the handling of the data, the responses 
were graded arbitrarily from 0 to 6; and for further simplification as: Fully excitable (grade 
6), good response at 12 cm.; half-decline (grade 3), no or slight response at 12 cm., fair 
response at f> cm,, good respoiise at ft cm.^ and ineicilablc (grade tiL uo or practicaTily no 
response at 0 cm. The responses were plotted against time on semilogarithmic paper, to 
permit interpolation, but it does not appear necessaiy to reproduce these details. Atten- 
tion was directed especially to the survival time, the time which elapses until the preparation 
becomes ine.xcitable, as the simplest criterion of long-term action. It is conveniently 
expressed as a fraction, with the daj's in the drugged Ringer solution as numerator, and 
the daj'S in unpoisoned solution as denominator, and this may be reduced to a decimal 
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TABLE 1 


Table of sureival time quotients (drugged divided by undrugged preparations) 


CSTUtCAl. 


SURVIVAL SaOSTENTD 

Q»<0.8 

KnUlAl. IIAKCC 
Q-0.8-1.25 

STIRVlVAt 

PROtOS’CZD 

Q»>l.2S 


Stimulation of 

Nerve 

Muscle 



Nerve 

Muscle 

Sulfanilamide 

1000 



— 

wm 

BB' 


3.5 


5000 

— 

— 

1.0 

1.0 

B 


SulSde, sodium 

1000 

— 

— 

— 

— 

2.25 

1.8 


10,000 

— 

— 

— 

— 

— 

1.5 


60,000 

— 

— 

— 

0.93 

— 

— 

Cyanide, sodium 

1000 

2 h. to a week 


_ 

— 

— 


5000 

2 h. to a week 

— 

— 

— 

— 



— 

— 


— 

1.8 

1.8 



— 


— 

— 

2.2 

2.3 



— 

— 

1.2 

1.2 

— 

— 




— 

0.92 

0.92 

— 

— 

Phenol 

1000 

< 1 day 

- 1 

— 

— 



3333 

— 

— 

1 >11 days 

— 

— 


5000 

— 

— 

1.0 1 

BWiM 

— 

— 


10,000 

— 

—• 


1.1 

1 “ 

— 

Hydroquinone 

10,000 

0.5 

0.5 

; — 

— 

! — 

— 


20,000 

— 

— 

1 0.87 

0.88 

— 

— 

Hydioqvunone omdized 

10,000 

— 

— 

1.0 

0.8 

— 

1 — 

Quinone 

10,000 

0.73 

0.73 

— 

_ 

— 

— 


20,000 

— 

0.75 

1.0 

i 

— 

1 — 


100,000 

— 

— 

1.2 

1 

— 

1.3 

Tertiary’butyl cateclidl 


<5 min. 


— 

— 

— 



<3 days 

— 

— 

— 

— 



5 h. to 1 day 

— 

— 

— 

— 



mm 


— 

— 

— 

— 

2^ Dinitrophenol 

10,000 

l-li hour 

— 

— 

— 



50,000 

0.2 

0.3 

— 


— 

— 


250,000 

— 

— 

1.0 

1.0 

— 

— 

Acetanilid 

1,000 

0.5 

0.0 

— 

— 






10,000 

0.7 


— 

0.8 

— 

— 

Procaine hydrochloride 

1,000 

<1 day 

— 



___ 



5,000 

— 

— 

1. 

1. 






IBB 

— 

— 

1. 

0.9 

— 

— 

Para-amino benzoic 

100 

— 





1.0 

1.9 


acid neutralized 

1,000 

— 

— 

— 

1.2 

1.4 

— 



















































TABLE l—Concluded 


CBEinCAL 

■ 

StJXVIVAL SHORTEKEO 

Q-<0.8 

KOWlAt SMiCS 

Q«»0.8-1.25 

StmVTVAt 

VROLOKCED 

Q»>1.25 


Stimulfttioo of 





Nerve 

Muscle 

Nerve 

Afuscte 

Nerve 

Muscle 

Benzoate, aodium 

100 

lib. 

6 h. 

-w- 





— 


200 j 

6 h. 

>2d. 

— 

— 

_ 

— 


300 

<1 day 





— 


500 

— 


1.2 

1.2 

— 

— 

Salicylate, sodium 

100 

<30 min. 

<30 min. 

-w. 








<1 day 

<1 day 

— 

_ 

— 

— 



0.6 

0.4 

— 

— 


— 


■m 

— 

— 

1.0 

1.0 

— 

— 

Thiocyanate, sodium 

i 1,000 1 

<1 day 




— 

— 


! 3,000 j 

1-3 d. 

3-5 d. 


— 

— 

— 



' 

' 

0.8 

0.8 

— 

— 

Monoiodoacetate, | 

3,000 

<3 hours 

mi 

mi 

M| 

— 

sodium 

10,000 

<2}h. 

j <1 day 




— 


30,000 

<3 days 




— 


50,000 

0.5 1 

0.4 




— 

Huoride sodium (in iso- 

5,000 1 

0.25 

0.67 





tonic NaCl) 

10,000 

— 


0.81 

0.81 

— 

— 


30,000 

— 

— 

1.0 

I.O 

— , 


Oxalate, sodium (in iso- 

3,000 

0.5 


— 1 

n 



tonic NaCl) 

10,000 

— 


0.87 

0.87 

— 

— 

Methylene blue 

1,000 

0.61 

0.72 


— 

i 


Thiourea | 

100 

— 1 

— 

1.2 1 

1.2 

1 

l 

— 

Urethane 

33 

<1 day 1 


_ 

1 




500 

— 1 

i 

I.o 

1 

1.0 

— 


1 

Chloral Hydrate | 

1250 

1 (0-2forhaU-decUne)| 

B 

a* 






2000 



B 

B 

— 

i “ 

Mecholyl chloride 

1 

3000 


1 — 

* 1.0 


— 

1 _ 

Physostigmine salicylate 

5000 

10,000 

0.5 

0.5 

1.0 

1.0 

— 

— 

Vitamins: 



! 

1.0 

B 

, - 



Ascorbic acid 


i „ 

— 

1.0 

B 




Nicotinic acid 
Pantothenate calcium 
Pyridosdne 

Riboflavin 

Thiamine hydro- 
chloride 

■ 




1 



Insulin 200 units in 100 

— 

— 

_ 

1.0 

1.0 


— 

cc. 








Thyroid, dried 

1 grain in 50 cc. 

— 

— 

1.0 

1.0 
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quotient. Survival time is considered as shortened if the decimal quotient is less than 
0.8; as prolonged if it is greater than 1.25; quotients between 0.8 and 1.25 are considered 
as normal variation. 

Decline of the response of muscle to direct stimulation proves of course, that the muscle 
itself is depressed. If the response to nerve stimulation declines more than that to muscle 
stimulation, this shows that the nerve or the synapse is depressed; but this cannot be 
affirmed if muscle and nerve stimulation run parallel. In such case, the distinction must 
be made by immersing only the nerve, as in the arrangement which has been described. 

The loss of excitability is usually accompanied by rigor; and if the preparation has been 
kept for some days, by the gradual development of turbidity and putrid odor in the solu- 
tions. Dr. Randall L. Thompson confirmed that this turbidity is due chiefly to bacteria, 
principally to a member of the Proteus group, with possibly two or three other bacteria 
in smaller numbers. This raises the question whether death is due to the bacteria, or 
whether bacteria develop because the tissue is dead, or whether there is an interplay of 
these two factors, as is most likely. The question could be resolved only by maintaining 
asepsis which would be difficult. The non-drugged contralateral preparation furnishes 
a measure of control; material hastening death may fairly be ascribed to direct injurious 
action of the drug on the tissue, since none of the agents that produced this effect are known 
to stimulate bacterial growth. Delayed death is more difficult to interpret, since so many 
substances have bacteriostatic action. This holds true for all the substances that 
delayed dying in these preparations, so that it is not possible to affirm that any of the 
substances that were tried delay dying by direct action on the tissue. 

Results.^ The synopsis of the survival time in the accompanying tabulation 
shows the concentrations wluch were found to shorten sunrival for indirect and 
for direct stimulation; those which had no material effect, and those which 
deferred death. It does not seem feasible, to include in the table data on partial 
loss of excitability, or immersion of the ner;-e alone, or the development of rigor 
or tubidity or recovery in Ringer solution, without making this too complicated. 
It is, therefore, necessary to duplicate the data in the discussions. 

Discussion. Sodium Cyanide. The original motivation of these attempts, 
to prolong the life of excised tissue by chemical slowing of their metabolism, 
was furnished by an observation on a reversible suspension of the development 
of the fertilized ova of Fundulus heteroclitus by suitable concentrations of 
cyanide (Sollmann, 1906): If the ova, from the four cell stage to the time when 
heart and blood vessels are formed, are placed in sea water containing potassium 
cyanide 1 ; 1000, their further development is promptly arrested, but the cells do 
not die for two or three days: if they are transferred to pure sea water or to more 
dilute cyamde, at any time in the inter\'al, development resumes after a latent 
period of one or two days, the embryo hatching normally, but two to four days 
after the control. It was thought a priori that survival of muscle and nerve 
might be similarly prolonged by suspending their metaboh’sm with cyanide. 
This expectation was disappointed. The e.xcitability of muscle and nerv'e may 
be abolished by cyanide of sufficient concentration, but this depression does not 
appear to be reversible. Survival may be considerably prolonged by dilute 
cyamde solutions; however, this is not based on reversible suspension of e.xcit- 
ability, but on bacteriostatic action. 

« I am much indebted to Dr. Josd J. Eatable for assietance in some of the later experi- 
ments. 
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Sodium Cyanide has opposite actions according to the concentration; 1:5000 and higher 
are toxic to both muscle and nerve; but dilutions of 1:10,000 to 1:12,500 prolong the survival 
time. With 1:10,000, response to nerve and to muscle stimulation survived 32 vs. 18 
days (Q. 1.8); with 1:1S,S00 responses to nerve stimulation persisted for 20 vs. 9 days (Q. 
2.2), to muscle stimulation 22 vs. 9 days (Q. 2.3); 1:SB,000 was practically indifferent, both 
muscle and nerve remaining excitable for 15 vs. 13 days (Q. 1.2); 1:100,000 gave Q. 0.92. 
The 1:12,500 concentration does not prevent rigor-, it is doubtful whether it delays this 
beyond the change of excitability. 

The prolonged survival in cyanide parallels the effect on bacterial turbidity, and the 
deferment of death is presumably due to inhibition of bacterial putrefaction, as with sulfan- 
ilamide and sulfide. The delay of turbidity is noticeable even with 1:100,000 (10 vs. 7 days, 
Q. 1.4); more marked with 1:25,000 (1C vs. 2 days, Q. 8.); very great with 1:10,000 (>33 vs. 
10 days, Q.> 3.3) and 1:3000 (23 vs. 2 days, Q. 12.). It appears therefore that cyanide 
checks bacterial growth in dilution of 1:25,000, perhaps even 1:100,000, when refrigerated. 
Cyanide is not usually considered a potent bactericide, but it is more highly' effective as 
bacteriostatic. This was confirmed by Dr. Thompson on bacterial cultures: at room 
temperature, 1:5000 completely' inhibited the four forms; 1:10,000 and 1:25,000 generally 
prevented growth, but not always. Refrigerated cultures were all completely inhibited 
by 1:25,000. 

Depressive Concentrations oj Cyanide: The concentration of 1:1000 abolishes response 
to nerve and to muscle stimulation, sometimes in two hours, sometimes only after several 
days but in less than a week. The response to nerve stimulation disappears rather more 
promptly than that to direct muscle stimulation, indicating depression of the nerve or 
synapse, as well as of muscular contractility'. Immersion of the sciatic nerve in USOOO 
abolishes its excitability' in J hour to several day's, the latter in a third the time of the 
controls. The nerve fibers are therefore depressed and killed directly. Transfer to un- 
poisoned Ringer solution for up to nine days did not improve excitability of nerve that 
had been abolislied by immersion in 1:5000 for 3 and 5 day's; nor did it improve the half- 
depressed excitability of muscle immersed ini: 1000 for 7 day's ; It did rather questionably 
restore slight response in muscle whose response had been abolished by' 1 : 1000 for 1 to 7 
days. The restoration is therefore practically nil. The total survival time in these slightly' 
restored muscles was about the same as in the unpoisoned Ringer control preparation; 
rather shorter on the average. 

Cy'anide in concentration of 1:1000 to 1:10,000 produces peculiar changes in 
the appearance of muscle. This becomes pellucid and seems swollen, “sulzig”, 
after one or two days and remained so till the e.xperiment was discontinued in 
17 day's. The appearance was not changed by transfering to Ringer solution for 
9 day’s. This change is not the cause of the to.xicity', for the muscle i-emained 
full.v e.xcitable for 1 7 days in 1 : 10,000 solution, although it had become pellucid, 
the beginning of this change being noted in si.x day's. 

Other agents u'hich prolong suny'ivAL; sulfanilamide, sodium sulfide, 
PARA-AMiNOBENZo.yTB. These and cyanide were the only' agents that in suitable 
concentrations, prolonged survival. This was paralleled by' inhibition of 
bacterial turbidity' and is presumably due to their bacteriostatic effect. 

Sulfanilamide, 1:1000, delayed deterioration and prolonged survival more than any 
other agent, 27 vs. 10 days for nerve stimulation (Q. 2.7), 40 vs. 12 days for muscle (Q. 3.5). 
Full excitability of muscle and nerve was maintained for 15 vs. 10 days (Q. 1.5). Survival 
was not prolonged by' 1:5000 (17 vs. 17 days, Q. 1) for both nerve and muscle; but full excita- 
bility’ lasted perliaps somewhat longer than in the control, 12 vs. 10 days (Q. 1.2), for both 
nerve and muscle. 
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Sulfamlamide similarly delayed the development of bacterial turbidity in the solution. 
The Hinger control was slightly turbid in 5 days, turbid in 8 days; but the fluid of the 
r.IOOO sulfanilamide preparation remained clear for 30 days, becoming turbid in 37 days, 
with putrid odor. Dr. Thompson confirmed that sulfanilamide 1:1000, added to cultures 
of four test organisms including the proteus strain, inhibited growth for 90 hours; two of 
the four showed growth in 114 hours. The 1:5000 dilution also showed some bacteriostatic 
action; the solution bathing the muscle remained clear for 15 days, while the Kinger control 
became fairly turbid in 11 days. 

The development of rigor mortis parallels the depression of excitability. In the 1:1000 
solution, the muscles appeared flemble for 19 days, semi-rigid in 21 to 26 days, more rigid 
iu28daj'S. 

Sodium Sulfide, 1:1000, considerably prolonged the survival for nerv'C (9 vs. 4 days, Q. 
2.25), and muscle (11 vs. 6 days, Q. 1.8). Muscle survival was also prolonged in 1:10,000 
(9 vs. 6 days, Q. 1.5). No effect was apparent with 1:50,000 (Q. 0.93) and 1:100,000 (Q. 
1.05). Turbidity went closely parallel; in 1:1000 the fluid remained clear for more than 
12 days, as against 4 days in the control. In 1:10,000 turbidity began in 8 vs. 6 days, Q. 
1.3;in7;50,000in7 vs. 7days,Q. 1.0. The prolongation of survival is therefore attributable 
to bacteriostatic action. 

Para-aminobcnzoic Acid (PABA) was also found to prolong survdval apparently by a 
bacteriostatic effect, although it had been expected to hasten death in analogy with benzo- 
ate and salicylate. 

Neutralized with sodium bicarbonate, 1:100 does not depress the excitability of muscle 
and nen'e, but prolongs the survival of the immersed sciatic nerve for 11 vs. 6 days, Q. 1.9. 
The PABA solution remained clear at the end of the 11 days, while the control was turbid 
on the sixth day. Immersed muscle survived as the control, 13 vs. 13 days, Q. 1. In 
1:1000 the survival was also somewhat prolonged, 19 vs. 14 days, Q. 1.4 for nerve; 23 vs. 20 
dai-s, Q. 1.2 for muscle; the PABA solution being definitely less turbid than the control 
in 14 days. 

Arojlatic antiseptics which shortened survival: htdroquinone, qui- 
none, tertiary butyl c.atechol, phenol, 2,6-dinitrophenol, acetanilid. 
These agents were chosen as representing various types of antibacterial action 
in the aromatic group. However, they proved more injurious to the muscle 
than tolhe bacteria. The lowest concentrations that had any effect shortened 
the survival of response to muscle and nerve stimulation, in about equal degree, 
and also in the instances (hydroquinone) where the nerve alone was immersed. 
They are, therefore, directly toxic both to nene and to muscle. 

Concentrations of 1:1000 are acutely fatal with all except acetanilid, abolishing excita- 
bility in less than a day, generally within two hours, the tertiary butyl catechol even within 
five minutes. Acetanilid shortened survival time to 7 vs. 14 days, Q. 0.5. 

Phenol gave normal survival in 1:5,000, (15 vs. 13 days) and probably in 1:3,333 (11 days). 
1:10,000 shortened the survival of all except phenol: hydroquinone IJ to 5 days; oxidized 
hydroquinone, 5 vs. 14 days, Q. 0.3; quinone less than one to 7 vs. 10 days; tertiary butyl 
catechol, 1 day; dinitrophenol 1 hour to less than 3 days; acetanilid 4 vs. 8 daj’S, for nerve 
stimulation; Q. 0.5; 6 vs. 9 days, Q. 0.5 for muscle, Q. 0.67; phenol 12 vs. 14 days, Q. 0.86 
for nerve, 17 vs. 16 dal's, Q. 1.1 for muscle. 1: £0,000 shortened survival in hydroquinone to 
11 vs^l6, Q. 0.69; in quinone to 5 vs. 9, Q. 0.55; and in tertiary butyl catechol to 10 vs. 13; 
y- 0.77. 1:50,000 shortened survival in dinitrophenol to less than 3 days, the control 
sjuviving to 8 days, Q. 0.5. IVith all the other drugs survival in this concentration equaled 
the control. 

The ranking of toxicity therefore appears to be in the order of: Dinitrophenol 2,6> 
tertiary butyl catechol> quinone> hydroquinone> acetanilid> phenol. Acule and 
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delayed fatality and shortmed survival lime grade into each other so smoothly that they 
are probably mere degrees of the same process; and this holds true for muscle and nerve, 
and for all these drugs, so that the action is probably analogous; although it may be remem- 
bered that there is not much opportunity for conspicuous variations in the process of 
dying. — Transfer to unpoisoned Ringer’s solution was ineffective when the excitability had 
been lost in tertiary butyl catechol 1:10,000 and dinitrophenol 1:50,000, and this even when 
the transfer was made in 1} hours. It was also generally ineffective for hydroquinone, but 
in exceptional instances there was partial restoration, as after quinone 1:10,000 for one 
day, when Einger solution restored the response from zero to half, in both nerve and muscle. 
The total survival of the recovered preparations was shorter than for the control, 14 vs. 
17 days, Q. 0.8. Altogether, reversal is none or slight. 

The development of muscular rigor generally paralleled the depression and loss of con- 
traction response; the muscle becoming ‘‘semi-rigid” when the response level had dropped 
to half, and "stiff” when the response was lost. Precipitation of proteins, which may be 
produced by some of these agents, therefore does not appear to hasten the rigor beyond 
that usual to djdng tissues ; nor was precipitation as such the cause of the loss of excitability, 
for with the more concentrated solutions the muscle may become inexcitable while it is 
still flexible. 

Brown discoloration of the muscle occurs especially with hydroquinone, fresh and oxi- 
dized, and with quinone. These solutions turn brown on standing, and the muscle gradu- 
ally takes on a deeper chocolate tint. With hydroquinone 1:10,000 this begins within 
three hours, is a light umber in a day, and darkens progressively through the six days of 
observation. The brown is almost as deep with 1:50,000, lighter but still marked with 
1 : 100 , 000 . 

The nerve takes on little if any stain, even in 1:10,000. Some other aromatic reagents, 
such as salicylates and paraamidobenzoate, produce similar brown coloration of the solu- 
tions and muscle, not of the nerve. 

Bactertal turbidity was checked effectively by the concentrations that shortened the 
survival of the muscles (Q. less than 0.8). The solutions were usually- clear when the 
response of the muscles had become very weak, in hydroquinone and in quinone 1:10,000 
and 20,000; dinitrophenol 1:50,000; aoetanilid 1:10,000 (without counting those in which 
death occurred in less than two days, and in which there would not have been time for 
bacterial growth). Some turbidity occurred with oxidized hydroquinone 1:10,000, and 
tertiary butyl catechol 1:20,000, but in both cases materially' slower than in the controls. 
Dr. Thompson confirmed that phenol, quinone, and hydroquinone inhibit bacterial growth 
at refrigerator temperature, in dilutions comparable to the higher concentrations used 
in the frog experiments, taking account of the lower temperature used for the latter. The 
ratio of bacteriostatic potency- varies for different organisms; referred to phenol, quinone 
was 20 times as potent for staphylococcus aureus, but only- 0.6 to 2.5 times for Escherichia 
coli. Hydroquinone was about twice as potent as quinone against Escherichia, 

Labes, 1929, reported that the toxicity of hydroquinone for frog sciatic nerve is materially 
accelerated by conditions that favor the oxidation, especially by- alkalinity. In leech 
preparations (1930) he found it twenty times more potent in alkaline than acid solutions. 
In the present experiments, the toxicity of quinone and of fresh and aged hydroquinone 
solutions were of the same order of magnitude. It is therefore probably the maintenance 
of an equilibrium of the oxidation stages, which interferes with the oxidative metabolism 
of the tissues, somewhat as postulated by Labes. 

Pkoc.mnb hydrochIjORIde. Temporary' and reversible depression of excit- 
ability suggested itseK as another possible approach for prolonging sundval. 
This was attempted with procaine; but it was not successful. Reversibility' of 
the procaine depression of nerve was found to obtain only for rather narrow 
limits of concentration and especially' of time, far less than the normal survival 
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time. Concentrations that have any effect at all, produce progressive depression 
of response to stimulation, and so shorten the sundval time. It was also found 
that the response of the muscle to direct stimulation went parallel to the de- 
pressed response for nerve stimulation, almost quantitatively as well as qualita- 
tively. Procaine, therefore depresses muscle directly, about at the same rate as 
it depresses the excitability of the nerve fibeja. The action on nerve fibers was 
confirmed by immersion of the sciatic nerve exclusive of the muscle. 

The speeds and degree of depression increases with the concentration: Full excilabiliiy 
of muscle and nerve with secondarj' coil at 12 cm, is preserved in 1:250 concentration for 
20 to 45 minutes; in 1:500 (or 75 to 100 minutes; in 1:1000 and 2,500 for between 3i hours 
and one day; it is not shortened by 1:50,000 and 10,000. “Half -decline," with little or no 
response at 12 cm., hut good or fair response at 6 cm., is reached in. 45 minutes with 1:250; 
Iffl minutes with 1:5000; 6 hours with 1:4000. Inexcitability, with coil at 0 cm., is reached 
within one day with 1:250 to 2,500. The survival time in 1:5000 is the same as in Ringer 
controls, 12 days in one pair, 15 days in another. 

Rerersibilily by transfer to unpoisoned Ringer solution seems to depend on the concen- 
tration and time of contact more than on the degree of depression : With I ; 1000 only partial 
recovery occurred after one day in the procaine solution, none after four days; With IrSOO, 
good recovery occurred after 140 minutes, none after a day of contact. In 1:SB0 good recov- 
ory occurred after one hour. 

These experimental results appear in conflict with the current clinical concept 
that procaine is a freely reversible specific depressant of nenmus tissue. They 
appear to class procaine with so many of the other chemicals used in these studies, 
as a general protoplasmic depressant, rather than as a specific depressant of 
nervous tissue. However, the clinical reversibility would be expected from the 
relatively brief contact. The clinical specificity for nervous tissue may be 
attributed to the manner of its application, which is generally aimed to give the 
Wghest concentration in the nervous tissue which it is desired to depress. When 
it is injected into the muscle, for the relaxation of proprioceptive tonus in muscle 
spasm, or for the "pseudohemia” experiment of guinea pigs, its action may be 
directly on muscle, as also the suppression of cardiac fibrillation. 

Other aromatic acids. Salicylate of sodium, in higher concentrations, is 
known to produce peculiar modifications in muscle. It proved about equally 
toxic to nerve and muscle, ratiier more so than procaine, being injurious in all 
concentrations tried, somewhat even in 1:00,000. 

- Excitability was lost within half an hour in 1:100; within two hours in 1:250, with either 
aerve or muscle immersed; in 1 to 3 days wdth 1:1000, in 7 vs. 9 days, Q. 0.77 in 1:10,000. 
Transfer to Ringer solution produced some restoration even when responses had been abol- 
ished by immersion in 1 :2S0 or 1:500 for two hours; but the recovery was only partial (grade 
2 for nerve, 3 for muscle). No restoration occurred after one day’s immersion in 1:1000. 
Ihe loss of excitability was not the consequence of rigor; in 1:250 the muscle was still 
flexible when it was totally inexcitable; in 1:10,000 rigidity developed as in the control. 

The muscle is stained brown, the nerve not. Bacteriostatic action was insignificant; 
1.500 did not inhibit bacterial turbidity. 

Benzoate of sodium, which is so closely related to PAB.^, is very much more 
toxic to muscle and nerve. 
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In 1:100 solution, with only the sciatic nerve immersed, full response was obtained in 
11 minutes, half decline in an hour, no response in 22 hours. When muscle as well as nen-e 
was immersed, response for nerve stimulation had declined to half in half an hour, for 
muscle stimulation, in one and a half hours. No response was obtained from the nerve 
in one hour, from the muscle in three hours. In 1:S00 solution, the immersed sciatic nerve 
W'as fully excitable in IJ hours, inexcitable in 3 hours. Muscle and nerve iimnersion reduced 
the response of both to half within a day. Transfer to Ringer solution did not restore the 
excitability of sciatic nerve rendered inexcitable bj' immersion in 1:100 for three hours. 

In 1:SSS, full response was obtained from nerve and muscle in one day, 1:S00 and 1000 
had no effect, the survival being the same as with the control. 

Summarizing the Aromatic Acids, the salicy'late and benzoate appear to act 
qualitatively like procaine, and like the phenols and quinones. Balancing the 
degree and speed of action with various concentrations, and using hydroquinone 
as unit, the relative potency is as follows: salicj'late, i to 5, mode j; procaine ^ to 
5, mode J; phenol to 5, mode y; benzoate ^ to j, mode Paraaminobenzoate 
and sulfanilamide are not toxic in the highest concentrations that were tried. 

Cat.auytic poiso.n's. Sodium Thiocyanate, Monoiodoacetate, Fluoride and 
Oxalate. These agents are grouped together as they have specific toxic actions 
on muscle metabolism and may be presumed to have similar actions on nerve. 

Thiocyanate is known to produce twitching and contraction, of nervous and 
muscular origin, by immei'sion in two per cent solution. The more dilute 
solutions were used in the following experiments proved toxic to muscle, less so, 
if at all to nerve. This and the monoiodoacetate are the only substances among 
those tried, which act materially less on nerve than on muscle. 

Immersion of muscle in 1:1000 solution decreased somewhat the response to direct 
stimulation within an hour, and abolished it between one and two days, the muscle becoming 
stiff. Sciatic nerve alone immersed in 1:1000 solution remained full.v excitable for five 
days, after which the muscle went into rigor. Muscle immersed in 1:S000 remained fully 
excitable for five days, but declined to half bj' the eighth day and was inexcitable and rigid 
on the twelfth day, when the control muscle was still fully excitable. With 1:10,000 the 
muscle was fully e.xcitable on the eighth day, declined to half on the eleventh day and still 
gave fair response on the thirteenth day. The to.xicity of thiocyanate is of the order oi 
salicylate, but its development is considerably slower, and it does not involve nerx’C signi- 
ficantly. 

Monoiodoacetate has a relatively high acute to.xicitj', somewhat more ioi 
musch thsR iar serre. 

The response of muscle immersed in I.-3000 solution declined to three-fourths in } hour, 
to zero in hours. When nerx'e alone was immersed, its response declined to half in i 
of an hour, to a third in 2} hours. In 1:10,000, muscle response declined to half within 
three hours, to zero within a day. Nerve alone inunersed was fully excitable in two days, 
ine.xcitable in five days. In 1:30,000, muscle becomes inexcitable within three days. In 
1:30,000, muscle was fully excitable in five days, inexcitable in eight days. The control 
muscle was fully excitable in eight days, half decline in twelve days, inexcitable in fifteen 
days. The total sun-ival time was 8 vs. 15 days, Q. 0.5. Even in 1:100,000, the survival 
time was 5 vs. 10 daj-s, Q. 0.5. Transfer to Ringer solution did not restore e.xcitability after 
this had been abolished, in the muscle by three days in 1:30,000, in sciatic nerve by five 
days ini: 10,000. Development of rigor went parallel to the loss of excitability. Muscle 
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in 1‘.1Q,000 for U kQur, ■witk somewhat mote thaa half response, was still flexible; in 24 
hours with half response, it was semi-rigid ; in 5 hours it was rigid and ine.vcitable. 

Fluoride of Sodium (as also Sodium Oxalate) was dissolved in 0.7 per cent of 
sodium cliloride, and compared with this instead of Ringer’s solution. A peculiar 
feature was the relatively slow development of the toxie clTccts. 

Even 1:5000 was not acutclj’ toxic to muscle (although 1:20,000 produced temporary 
twitching); but it reduced the response to half in four days and abolished it within seven 
days. Sciatic nerve immersed alone was fully c.xcilable in five days and then became 
totally inexcitable by the seventh day. Muscle immersed in 1: 10,000 appeared fully excit- 
able in two days, when it was transferred to unpoisoned Ringer solution. Its response 
then declined to s on the fourth and seventh day, and to negligible on the eleventh day; 
the control muscle, kept in Ringer solution from the start, was fully excitable on the seventh 
day, half on the eleventh and fourteenth day, inexcitable on the sixteenth day. Notwith- 
standing the transfer from the fluoride to Ringer solution before deterioration was evident, 
the sunival had been shortened to 12 vs. 15 day-s, Q. 0.8. Witli 1:SO,OQO the deterioration 
closely paralleled the control, with half decline in eight days, and ineXcitability in twelve 
days. Rigidity appeared somewhat greater than the depression. In 1:6000, the muscle 
was semi-rigid in two days, when the response was still nearly maximal . Turbidity was not 
inhibited by 1:5000. 

Sodium Ozalalc iu 0.7 per cent NaCl, shows the same delayed toxicity as the 
fluoride, but is less toxic. 

^ In 1:5000, response declined to half in one day, to a third in five days, to nearly zero in 
eight days. In 1:10,000 the response was normal in 6 vs. 6 days, Q. 1 ; half in 9 vs. 11 days, 
Q. 0.8; zero in 13 vs. 15 days, Q. 0.8. 

Summarizing this group, the toxicity declines in the order of monoiodoacetate, 
thiocyanate, fluoride and oxalate. The first two agents are peculiar in depressing 
nerve materially less than muscle; fluoride and oxalate are distinguished by the 
delayed development of their toxicity. 

Methylene blue, thiourea, lipolytic agents, urethane, chloral 
hydrate, cholinergic drugs : mecholyl, physostigjiine. M ethylene Bine was 
slowly toxic to muscle, less so to nerve. The highest concentration which was 
Wed, 1:1000, did not impair the excitability of muscle for five days, then it 
declined to half by the seventh day and zero on the thirteenth day, ivhen the 
control was fully excitable. The survival time was 13 vs. 18 days, Q. 0.7. 
Sciatic nerve alone immersed was fully excitable for 7 vs. 10 days, Q. 0.7 ; its total 
survival was 12 vs. 12 days, Q. 1. 

Thiourea, 1:100, produced no deleterious effect. Full excitability persisted 
for 12 vs. 10 days, Q. 1.2; survival time was 18 vs. 16 days, Q. 1.2. This some- 
what prolonged sundval time is paralleled by some bacteriostatic action, the 
thiourea remaining clear for 19 days, while the control was slightly turbid on the 
fourteenth dai' and turbid on the seventeenth day. 

Urethane depressed excitability of muscle promptly in 1:33, somewhat more 
sohviy in 1:100, presumablj' by lipolj'tic narcosis. SVith 1 :SS, the excitability 
fell to half within thirty minutes, to a third within two hours, to zero within a day. 
In 1:100 excitabilitj" was full in two hours, declined to half in a day. The 
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responses to indirect stimulation declined similarly, so that the nerve was not 
affected more than the muscle. — Transfer to Ringer solution gave complete 
recovery from half-decline after one day in 1:100; practically no recoveiy from 
inexcitability after one day in 1 :33. 

Chloral Hydrate, 1:1250, did not impair excitability to direct and indirect 
stimulation in four hours, reduced it to half in three daj's, as against fifteen days 
for control, Q. 0.2; and abolished response in fifteen days. In 1:2000, un- 
impaired excitability persisted for eight daj's, declined to half in 12 vs. 14 days, 
Q. 0.85, and was abolished in 15 r-s. 20 days, Q. 0.75. Ttirhidily was somewhat 
delayed. 

Cholinergic Agents have little effect on sur\'ival time, none with physiologic 
concentrations. 

Mecholyl Chloride, 1 :3000 maintained full e.vcitability for five da 3 "S, with only 
slight decline in seven days. The survival time in 1 :3000 to 12,000 was 16 vs. 
1C days, Q. 1. 

Physosligmine Salicylate, 1:6000 and 1:10,000, decreased the response but 
little in five daj's. Survival time was practically as for the control. 

Vitamins. Ascorbic acid, nicotinic acid, •pantothenate {calcium), pyridoxinc, 
riboflavin, and thiamine hydrochloride were used in concentrations of 1:10,000 
and 100,000. None had anj' effect whatever on the response to muscle and 
nerve stimulation, nor on the survival time. 

Metabolic hormones. Insulin: 200 units added to 100 cc. of Ringer’s 
solution had no effect on response or survival time, 9 vs. 9 days, Q. 1. 

Thyroid: A Burroughs, Welcome one grain tablet added to 50 cc. of Ringer’s 
solution, did not alter the survival time, 10 vs. 10 days, Q. I. 

SUMMARY .AND CONCLUSIONS 

Prolonged actions of chemical agents on the survival time of excised muscle- 
nerve preparations of frogs were observed by immersing the preparations, or 
only the nerve, in a de.xtrose Ringer solution, kept near 0°C, until they ceased 
to respond to faradic stimulation; comparing the course in contra-lateral prepara- 
tions with and without the chemical. The following substances which appeared 
interesting for various reasons were included: 

Sulfonamide, sulfide, cyanide. 

H 3 'droquinone, quinone, tertiar 3 ' but 3 -l catechol, phenol, 2,6-dinitro-phenoI, 
acetanilid. 

Procaine. 

Para-aminobenzoate, benzoate, salicylate. 

Thioc 3 ’anate, monoiodoacetate, fluoride, o.xalate. 

Methylene blue, thiourea, urethane, chloral h 3 ’drate, mecholyl, phy’^sostigmine. 

Vitamins: Ascorbic acid, nicotinic acid, pantothenate, pyridoxine, riboflavin, 
thiamine hydrochloride. 

Insulin, thyroid. 

Prolongation of survis al time was obtained only" by substances that have a 
high degree of bacteriostatic action in concentrations that are not toxic to the 
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musde and nerve; markedly with sulfanilamide, sulfide, sufiiciently dilute 
cyanide, and somewhat with para-aminobcnzoate. 

Higher concentrations of cyanide shorten survdval; and this was also the result 
vdth all the remaining substances that had any effect at all, in the concentrations 
used. 

With the milder degrees of the injurious action, the excitability declines 
progressively for days, faster than in the control preparations. With the more 
toxic agents this grades smoothly into the acute toxicity, indicating that the 
rapid and slow affects are degrees of the same process. 

For most agents, including procaine, the deterioration of nerve and of direct 
muscle response go closely parallel. None acted on the nerv’e materially more 
than on the muscle; thiocyanate, and to a less degree monoacetate acted materi- 
ally less on the nerve than on the muscle. 

The action of procaine on nerve does not appear specific, but rather a mani- 
festation of general protoplasmic toxicity. Its apparent clinical specificity is 
presumably due to the location of its application. It is reversible only within 
a limited zone. Its action is almost equalled by salicylate and benzoate, while 
para-aminobenzoate prolongs survdval and is not depressant even in one per cent 
concentration. Thiourea is also not depressant in this dilution. 

Hydroquinone and quinone, dinitrophenol and tertiary butyl catechol are 
injurious in high dilutions. 

Survival time was not modified bj' the vitamins in concentrations of 1:10,000 
to 100,000; nor by insulin or thyroid; nor by mecholyl 1 :3000, or physostigmine 
1:5000. It was somewhat shortened by methylene blue 1 : 1000. 
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Introduction. The method described here tvas developed for the purpose 
of obtaining a numerical figure indicative of the contractile force of a section of 
the myocardium under conditions of an intact circulation. The procedure 
consists essentially in the addition of graduated loads to the mot'able lever arm 
of the Cushny myocardiograph typicall3" attached in the open-chest dog prepara- 
tion. The graduated loads ivere obtained bj' stretching a calibrated metal 
spring directly attached to the string joining the kj'mograph writing lever and the 
myocardiograph lever, the pull of the spring being in opposition to the pull of 
systolic contraction. The spring tension necessarj' to damp the vTiting stroke 
to near extinction was taken as an end-point indicative of the contractile force 
of the myocardium. This critical load, or isometric sj-stolic tension, expressed 
in grams, has been found to be reasonably constant and reproducible in a given 
preparation and it reflects with sensitivitj' the effects of stimulant or depressant 
drugs. 

The lever system of the Cushny myocardiograph is relatively heavj’ as com- 
pared "with other recording systems and this has justified, to some extent, the 
impression that amplitude of lever stroke is an index of contractile force. In the 
case of many drug effects, amplitude of lever stroke undoubtedly reflects the true 
qualitative changes. Stroke amplitude and isometric systolic tension, as deter- 
imned here, do not, however, show consistentlj' parallel changes and in some of 
our experiments showed distinctly' opposite directions of change. 

These changes in isometric sj’stolic tension produced by drugs may, in some 
cases, be due almost exclusively to a primarj' effect on myocardial contractility. 
In other cases, the measured changes in contractility may represent a composite 
of influences in which primary or direct mj'ocardial effects are onlj' a minor com- 
ponent. These influences may include those due to sj'mpathetic stimulation, to 
alterations in venous return or diastolic tension, in coronary flow, in pulmonary' 
arterial pressure and in blood composition. These factors are listed here in what 
is estimated to be the approximate order of their prominence among the group of 
drug responses obtained in these experiments. In subsequent experimental 

* These studies were supported in part by a subsidy from Bilhuber-Knoll Corporation, 
Orange, New Jersey. 
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work some of these factors may be excluded or measured simultaneously and 
correspondingly discounted. In this report, however, the results, subject to 
these composite influences, are presented for the value they may have in char- 
acterizing this method for measurement of myocardial contracility under a 
special set of conditions. The method has suitability for some particular pur- 
poses in that it provides a direct correlation of contractile force with blood 
pressure changes and with time and dosage variations in the whole animal. 

The method has evident relationship to that described by Cattell and Gold (1) 
and subsequently used by Krop (2), Weeks and Hoick (3) and White and Salter 
(4). In this latter, determinations are made of the tension developed during 
isometric contractions of isolated strips of papillary muscle which are stimulated 
by an intemuttent electric current of fixed rate and voltage. Other methods of 
measuring effects of cardiotonic drugs may be indicated by citing some of the 
more significant publications. Francois-Franck (5) was one of the first to deter- 
nune effects of drugs on intraventricular pressures and he particularly described 
the increased pressures produced by digitalis and stropbanthin. Subsequently 
Gottlieb and Magnus (6) and Magnus and Sowton (7) introduced ballons into the 
ventricles of isolated mammalian hearts and, in the latter report, digitalis was 
described as doubling the isometric intraventricular pressure. DeHeer (8) made 
similar observations with mammalian hearts in silu. Wiggers and associates 
(9i 10), also working with open-chest dogs, analyzed the changes in intraven- 
tricular pressure curves produced by epinephrine and digitalis and found basic 
similarities including increased maximal pressures and increased gradients of 
pressure development. Bodo (11) has described the effects of various cardiovas- 
cular drugs on tracings obtained with the Henderson cardiometer. Krayer and 
associates (12-16) have made extensive studies of the effect of drugs on the 
efficiency of heart-lung preparations under conditions of measured changes in 
Venous inflow. The effect of drugs on oxygen consumption of the heart muscle 
and on minute-volume output enters another phase of the problem which need 
not be taken up here. 

Method. Mongrel dogs of medium size were anesthetized with intravenous barbiturates 
and the cheats opened by mid-line incision. Artificial respiration was provided by rhyth- 
mic interruption of the communication between a source of compressed oxygen and a tra- 
chealT-tube cannula. After opening the pericardium, the two arms of the myocardiograph 
were attached to the anterior aspect of the right ventricle by single stitches which did not 
penetrate entirely through the muscle wall. The rigid arm was attached near the base of 
the right ventricle at a point clearly below the level of the A-V valves ; the movable lever 
arm was attached at a point well above the apex and at about the position of the intra- 
ventricular septum. The diaphragm was removed as a disturbing element by drawing it 
downward with ligatures anchored low in the abdominal wall. The myocardiograph was 
of the type first described by Roy and Adami (17) and usually known as the Cuahny myo- 
cardiograph because of his extensive publications based on its use (18-22). The movable 
lever arm, when connected by thread to the writing lever, required a dead weight pull of 
about 10 grams to give a typical excursion of one to one and one-half inches. Spring ten- 
sions were inserted into this system by means of a coiled wire spring suspended from the 
upper collar of two movable collars both of which could be fixed with set screws at any de- 
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sired point along the vertical support rod of the myocardiograph. A plastic block formed 
the common link to which was attached the lever thread and a thread from the spring. This 
block was immediately below the side arm of the lower collar and this lower collar was 
adjusted so that the block nearly impinged on the collar side arm when the heart was at the 
extreme point of diastolic relaxation. Raising the higher collar now had the effect of adding 
a spring tension to the regular load on the levers and the block impinging on the lower 
collar prevented the tension from pulling the heart levers farther apart than the normal 
point of diastolic relaxation. This arrangement is illustrated in figure 1. 

A satisfactory spring was made of 25 gauge B. and S. spring bronre wire wound to give a 
coil of about 3.5 mm. diameter and 35 mm. length. When stretched, each mm. increase in 
length corresponded to an increased tension of about 4 grams measured as a dead weight 
pull. The relation of spring length and tension (in grams) was directly determined and 



Fig. 1. Akranqement foe iNTEonucma Variable Sfrino Tensions 
INTO Levee System 

plotted over the full range up to a tension of 170 grams. This calibration was checked sev- 
eral times and no important change was noted in the spring characteristics during the 
course of these experiments. Spring length was determined during the calibrations and the 
experiments by caliper measurement of the distance between two fixed points on the collars. 
The isometric systolic tension during the control periods ranged from 20 to 90 grams. This 
varied according to the size of the heart, the distance between the two points of attachment, 
the direction of the axis between the two points and the degree of any encroachment over 
the septum or left ventricle when attaching the lever arm. 

Blood pressure was recorded by a mercury manometer connected to one of the common 
carotid arteries and drugs nere infused into one of the external jugular veins. In every' 
experiment, the vago-sympathetic trunk in the carotid sheath was sectioned bilaterally. 

Experimental cONSinERATioNS. Experimental variables which might detract from the 
reliability' of the method depend on o.xy'genation, anesthesia, rotation of the heart axis, 
irritation due to levers, and spontaneous changes. These are discussed in that order. 
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The use of compressed oxygen for artificial respiration appeared to bo distinctly superior 
to the use of ordinary air as judged by survival of the hearts and by their relative freedom 
from irregularities of rhythm. With digitalis overdoses, for instance, the end stages seemed 
to be deferred and to be less associated rvith spectacular fibrillary effects than is usually the 
case ‘with air respiration. During control intervals, it was noted that oven when oxy- 
genation appeared to be adequate, an increase of oxygen pressure would at times measurably 
increase the isometric sj’stolic tension. In so far as possible, oxy’gen pressure was kept 
constant, particularly during periods directly before and after drug administration. In the 
earlier experiments, the oxygen was taken directly from large commercial cylinders 
equipped with the usual diaphragm regulator. Since this necessitated occasional adjust- 
ment of the regulator, the oxygen in later experiments was taken from a floating tank which 
delivered oxygen to the motor driven interrupter at a constant pressure adjusted within the 
range of 15 to 20 cm. of water. The respiratory rate was approximately 20 per minute. 

The animals were routinely anesthetized with intravenous injections of freshly prepared 
pentobarbital (about 30 mgm. per kgm.), ita proprietary form, veterinary “Nembutal” 
(about 0.44 cc. per kgm.) or so^um barbital (about 225 mgm. per kgm.). Occasionally, 
with pentobarbital, there was some lightening of anesthesia in prolonged experiments and 
supplementary injections had to be given. This occurrence was infrequent and was recog- 
nized as affecting any comparisons of drug before and after the supplementary injections. 
Barbital anesthesia was used in most of the prolonged experiments and, when used, the 
experiments were not started until 2 to 3 hours after the initial injection because of slow 
induction; in some such cases, fractional doses of pentobarbital were added before the oper- 
ation. 

Rotation of the heart about its axis was found to affect the determinations. This was 
possibly due to constriction of the great vessels and possibly to changes in the line of forces 
within the heart syncytium. This variable was effectively minimized by giving some slight 
suspension to the heart apex when attaching the levers and by anchoring the horizontal 
support rod of the myocardiograph by means of heavy cords running transversely above the 
thorax. 

The presence of the levers pulling at two points on the heart surface might naturally be 
expected to disturb the rhythm of contractions. This however, in the dog heart with an 
unloaded myocardiograph has been shown to be a negligible factor in the extensive studies 
of Cushny, Jackson (23) and others. The addition of enough artificial load to bring the 
levers to a stand-still is recognizably a more extreme type of disturbance. In practice, 
however, we have found that the loading performance did not obviously interfere with 
rhythm except on special occasions as when the heart was near failure . Although the length 
of time for tension determinations was usually kept at a minimum, the heart was shown to 
be reasonably resistant even to prolonged periods pf loading. In one extreme case, the 
tension was continuously maintained at a point near extinction of the writing stroke through 
the entire period of control and digitalization which reached a maximum about 40 minutes 
after infusion was begun. In this experiment there was no unusual frequency of ectopic 
beats or other obvious disturbances of rhythm. It is probable that the use of whole o.xygen 
atmospheres in the respiratory system was an important factor in minimizing irritability 
phenomena from this mechanical interference. 

With regard to the representative character of this section of the myocardium, it may 
be pointed out that Cushny observed no important difference between the tracings from ei- 
ther side of the heart and that he preferred to use the anterior aspect of the right ventricle. 

V ery occasionally, the heart showed a sudden substantial increase of its isometric systolic 
tension and did so without any evident change in conditions. Spontaneous changes of this 
sort are unavoidable and their likelihood roust be considered in any evaluation of heart 
responses. The incidence of such changes, however, is low enough not to influence seriously 
the reliability of effects seen after the injection of quick-acting drugs; with drugs for which 
prolonged effects are considered, the same degree of reliability is reached only if there is a 
greater number of experiments. Ordinarily a series of injections was not started until 
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there was a preceding control period of 20 to 60 minutes with little change in the level of the 
isometric tension. In one e.xperiment conducted solely to determine duration of regularity, 
the isometric tension smoothly decreased from 55 to 30 grams over a period of 5 hours, the 
last 80 minutes of which was without recognizable change; this period was terminated by 
increasing the oxygen pressure which changed the level to a higher plateau. This control 
experiment was probably typical of the regularity to be expected when oxygen pressure was 
controlled by the ordinary commercial regulator; the subsequent use of a constant pressure 
tank eliminated irregularities due solely to oxygen pressure changes. In one control 
experiment using the constant pressure tank, the isometric systolic tension dropped slotrly 
from 70 to 65 during the first IJ hours, then rose gradually to 90 in the next 2 hours and 
maintained this level during the final 2} hours. 

Results. Most of the results are included in tables 1 and 2. Table 1 pre- 
sents the responses obtained with the first injection in each of a number of experi- 
ments. Table 2 presents composite results of the subsequent injections in the 
same series of experiments. In the tables and in the following discussion, the 
isometric systolic tension is referred to as I.S.T. and the changes e.\pressed in 
percentages of that in the immediately preceding control period. If, for in- 
stance, the I.S.T. in the control period is 40 grams and that after drug admini- 
stration is 60 grams, the result is expressed as -f 50%. With the same control, 
an I.S.T. of 120 grams after drug administration is expressed as -1-200% and an 
I.S.T. of 30 grams as —25%. It may be pointed out here that if the I.S.T. 
during the control period is abnormally low due to cardiac depression, the per- 
centage increase produced by a stimulant drug is likely to be greater than if the 
heart was at a better functional level. 

All doses are expressed as doses per kgm. of body weight. The effect of most of 
these drags on rate, blood pressure and stroke amplitude is well known and, in 
the following, the changes in I.S.T. represent the primary interest. 

Digitalis consistently produced a substantial increase in the I.S.T. which 
developed relatively slowly and was well sustained. In the case of 1 unit doses, 
the I.S.T. remained above the control level until shortly before terminal fibrilla- 
tion. The time for development of peak effects is given in table 1 as time after 
the beginning of administration, which, as an average, occupied about 22 minutes. 
Blood pressure, in some cases, was raised as the I.S.T. increased; there was no 
consistent parallelism, however, and at times the blood pressure fell. Similarly 
there were distinct divergencies in the stroke amplitude and the I.S.T. despite a 
parallel course in some cases. When the cardiotonic action of digitalis was well 
developed, there was a frequent tendency toward rhythmic or phasic variations 
in the force of the contractions and this was most clearly seen when the spring 
loading was set at a point near extinction of stroke. When estimating I.S.T. 
under these conditions, the strong phase was arbitrarily taken as the determining 
measurement. “DigifoUn”-Ciba in ampoules was used in some of the prelimi- 
nary experiments and in one instance in the final series; no distinction was noted 
in comparison with the U.S.P. Tincture diluted 1 to 5 in Ringer-Locke solution 
and this latter was used in all except the one experiment of the final series. 

These results constitute an additional quantitative expression of the increased 
contractile force produced by digitalization. With more rigid standardization 



TABLE 1 


Inilial injections 



CHANCE IN 

CONTROL 1 




DOSE PER 

ISOMETRIC 


TIME TOR PEAE 

TIME TOR RETURN TO OR 

BLOOD PRESSURE 

ECU. 

SYSTOLIC 

TENSION 

I.S.T. 

zrrtcrs 

NEAR CONTROL LEVEL 

aiANCE 

1 


Digitalis 


(Administered in instalments over periods of 12 to 40 min.) 



% 

gmt. 

minulis 

minutes 

mm. Eg. 

0.5 U 

+37 

77 

14 

50+ 

+34 

0.5 U 



33 

46 

+20 

0.5 U 

+50 


30 

50+ 

+18 

0.5 U 

+65 

34 

30 

60+ 

-40 

0.5 U 


30 

44 

50+ 

+22 


+90 

53 

45 

125 (fibrillated) 

-18 



57 

30 

120 (fibrillated) 

+60 (fig. 4) 



44 

30 

100 (fibrillated) 

+80 


Epinephrine 


wgm. 1 
0.002 

+175 

1 

1 


3 

+30 


+250 

20 

i 

5 

+100 

0.010 

+180 

1 65 

i 

6 


0.010 

+280 1 

20 1 

i 1 

4 

+120 

Q.QIQ 1 

+60 1 

1 

40 I 

1 1 

3 

+90 


Ephedrine 


0.2 

1.0 

1.0 

1.0 

1.0 

+40 

+85 

+190 

+300 

+180 

53 

53 

34 

18 

20 

1 

2 

2 

2 

2i 

6 

30+ 

30+ 

15+ 

18 

+40 

+54 (fig. 2) 

+54 

+124 

+100 

EA-83 

0.25 

+30 1 

79 


6 

+4 

1.0 

+100 

25 


20 

+20 

2.0 

KSEIH 

44 


8 

+24 

2.0 


70 


7 

+20 

2.0 


75 


10 

+26 

10.0 


65 


60 

+56 

100.0 

j +50 

77 


30 

+50 


EA.S3 Subcutaneously 


100.0 

100.0 

100.0 

100.0 

100.0 

+65 

+50 

+72 

+125 

+77 

61 

77 

77 

79 

80 

5 

15 

9 

10 

3 

200 

220 

480 

60 

60 

+12 

+40 

+20 

+70 

+24 

Caffeine citrate 

10.0 

0 

57 



_ 

-60 

20.0 

+55 

25 

2 

8 

+24 

20.0 

+70 

44 

2 

— 

+50 
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TABLE 1 — Concluded 


1 

1 

CHANCE IN 

1 

1 

1 

1 



DOSE PEB 1 

I50UETB1C 

CONTROL 1 

TIME TO* PEAK I 

TIKE FOR SEnnW TO OR 

BLOOD PRESSURE 

KCU. 1 

i 

1 

SYSTOLIC 

TENSION 

1ST. 1 

1 

1 

EPTECTS j 

NEAR CONTROL LEVEL 

CHANCE 


Barium chlorida 



% 

gnu. 

minutes \ 

minutes 

mm. Eg. 


+80 

48 

3 

32+ 

+30 


+45 

48 

2 I 

30+ 

+20 


-90 

77 

5 

— 

+150 

Calcium chloride 

20.0 

+45 

94 

■■ 

11 

+30 

20.0 

+55 

61 

■■ 

7 

+24 

Potassium chloride 

20.0 

+100 


J 

2 


20.0 

+100 

MM 

1 

2} 

KQHH 

Quinidine 


1 +15 

S3 

1 1 

2} 

-54 

mm 

1 1 

57 , 

1 ^ 


' -26 

Amyl nitrite (by inhalation) 


-13 

65 

I 

r' ’ 3 

-SO 

— 

-20 

70 

i 

2 

-44 (fig. 3) 

— 

-IS 

75 

1 

1 6 

1 

-30 


of conditions the method might serve as a bio-assay of digitalis products and 
might also be used to determine therapeutic indices as well as time relations 
among various digitalis-like products. 

Epinephrine hydrochloride in doses ranging from 0.002 to 0.020 mgm. pro- 
duced in every case a sharp increase in the I.S.T. which returned quickly to the 
control level or to a lower level. 'WTiile stroke amplitude usually increased when 
the I.S.T. increased, the difference in degree was considerable since the stroke 
amplitude was substantially less sensitive as an indicator. An increase, for 
instance, of 30% in stroke amplitude was accompanied by an increase of 200% 
in the I.S.T. In some experiments, the increase of I.S.T. measurably lasted 
longer than the effects on blood pressure; in general, however, these responses 
were in close parallel. 

Ephedrine hydrochloride in initial doses of 1 mgm. consistently produced a 
sharp rise in the I.S.T. which reached a peak in about 2 min. and remained sub- 
stantially above the control level for J to § hours or more and was associated with 
considerable rise in blood pressure. The characteristic tachyphylaxis nas well 
demonstrated by the second administration of 1 mgm. doses; in each of 4 e.xperi- 
ments the I.S.T. remained virtually unchanged and the mean blood pressure 
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increase was 23 mm. Hg. Subsequent administration of 1 or 2 mgm. doses pro- 
duced a reversal of either the I.S.T. or blood pressure or of both. Total doses of 
15 to 30 mgm. m 4 to 8 instalments usvaily brought t)3e experiment to a terminal 

TABLE 2 


Composite resuifs of serial injections 
(Excluding the initial injection) 



CHANCE 

■Q? 

I.S.T. 

RANGE 

TIME TOE 
REAR 
EFIXCTS 

TIME TOR 
EnTORN TO 
OR HEAR 
CONTXOX. 
EEVEl 

B.P. 

CHANGE 

R^NCE 

NO. or 
INJEO 

1 TIONS 

Epinephrine 

(17 injections in 6 experiments) 

fnfm. per ijm. 

0.002 to 0.020 
(av. 10) 

■ 

1 

(+60 to +500) 

at, in minij 

i 

n 

tnm. Tjg\ 

+80 

'(+30 to +132) 

17 

Ephedrine 

(25 injections in 5 experiments) 

0.2 to 0.4 

1.0 to 16 

+17 

-15 

( 0 to +32) 

(-70 to +30) 

1 

6 

+15 

+l 

(+10 to +24) 
(-35 to +50); 

4 

21 


BA.83 


(37 injections in 9 experiments) 


0.25 

+42 

- 

14 

6 

+2 


1 

2.0 

+88 


14 

9+ 

+16 


10 

3,0 to 10 

+92 

(+15 to -i-185) 

2 

11+ 

+17 


14 

(av. 5) 








16-100 

+22 


2 

13 

+7 

( -4 to +14) 

9 

(av. 62) 








200 

-31 

(-38 to -25) 

— 

— 

-4 


3 


Caffeine citrate 

(10 injections in 3 experiments) 


PH 





-35 





li 

8 

+6 



Barium chloride 
(8 injections in 2 experiments) 


2 

+30 

(+20 to +45) 

4 

17 

+30 

(+24 to +40) 

6 

5 

+42 


24 

9 

+40 

(+30 to +50) 

2 



^ Calcium chloride 






(8 injections in 2 experiments) 




20 

+45 

(+25 to -h60) 

1 


liW 

( +4 to +24) 

5 

40 

+115 

— 

14 





1 

80 

+40 

(+35 and +45) 

2 



(+32 and +32) 

2 
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TABLE 2— Concluded 


DOSE 

M 

RAKCE 

TIME FOX 
TEAK 
EFFECTS 

TniE FOR 
RETURN TO 
OR NEAR 
CONTROL 
LEVXL 

B.P. 

CHANCE 

RANGE 

KO. OF 
INJEC- 
TIONS 

Potassium chloride 
(6 injections in 2 e.xperiments) 

mgm. per kgm. 

20 

20 

60 

ae.% 

+82 

(+75 to +90) 
fibrillated 
fibrillated 

at. in mins.\ 

1 

■ 

mm. Bg 

(or.) 

+20 

(+16 to +24) 

4 

Quinidine 

(10 injections in 2 e.xperiments) 

2 to 20 



— 

— 

-32 

(-50 to -10) 



Amyl nitrite 

(By inhalation in 3 experiments) 


— 

-27 

(-40 to -20)| 

i 

3J 

-36 

(-46 to -30) 

5 


Stage. In one experiment, however, with smaller doses the I.S.T. and blood 
pressure responses were moderate but positive and without reversal over the 
course of 7 injections; the dosage order in this case was 0.2; 0.2; 0.2; 0.2; 0.4; 1.0 
and 10 mgm. In this case, the last injection increased the I.S.T. about as much 
as the first while the blood pressure increase was substantially less (8 mm. Hg. 
as compared with an initial increase of 40 mm. Hg.). 

In 3 or 4 experiments, the I.S.T. was reversed first and was relatively more 
depressed than the blood pressure, while in one experiment the opposite was true. 
Dilation of the heart was conspicuous in the later stages of ephedrine effects. 
The direct cardiac depressant action of ephedrine by large or repeated doses is 
emphasized by these experiments and corresponds to the effect usually seen with 
the isolated rabbit heart preparations except in the special, narrow range of 
dosage which produces stimulation. 

S-Methylamino-6-hydroxy-6-mel}iyl heptane h 3 'drochloride. This aliphatic 
amine was recently recognized by Jackson to have special stimulant effects on 
the heart (24). In the following it is referred to by its laboratory number, EA-83. 
Characteristically, it produced a consistent increase in the I.S.T. with a moderate 
rise in blood pressure. In contrast to ephedrine, the initial blood pressure rise 
was less marked and the I.S.T. effect was capable of several repetitions with onlj’ 
occasional reversals under special conditions. In one experiment, the drug was 
administered 10 times in succession before failure to produce a clear increase in 
the I.S.T. and blood pressure ; the order of doses here was 2;2;2;2;2;4;8;1G;32 
and 64 mgm.; the mean increase in I.S.T. was 35% (variations from 15% to 
100%) while the mean blood pressure rise was 12 mm. Hg. (variations from 6 to 
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20 mm. Hg.). Essentially the samp general results wei'C obtained in 5 other 
experiments in which tlicre were 7 to 8 successive injections averaging a total of 
70 mgm. irer experiment (vaiiations from 20 to 132 mgm.). The circumstances 
undei- which rcr’er.sal effects oCcuiTod were e.xceptional and involved the use of 
especially high doses. Following 3 successive injections of 100 mgm., all of which 
gar'e positive I'e.sponscs, moderate rever.«als of I.S.T. and blood pi-essurc were 
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obtaineil with each of 3 subsequent injections of 200 mgm. each. In another 
sequence, 2 subcutaneous injections of 100 mgm. each were given, the first of 
which produced \\ ell sustained effects; sul.isequent injections of 50 mgm. produced 
a limited and temporary ievcr.«al of effect in some instancc.s. In general, it maj' 
be said that numerous successive injections of progrcssivelj’ larger doses will be 
folloucd bj- proportionately Ics.s marked rcspon'-es until the heart becomes 
refi’act ory and, only in exceptional cases of extremely high dosage, is a depre,s«ant 
action obtained on cither the I.S.T or the blood pressure. 
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When there were several instalments before reversal, the total accumulated 
dose was indicative in the comparison oi cphedrine and EA-S3. With ephedrine, 
the total dosages at which reversal of both I.S.T. and blood pressures occurred 
was 4, 8, 14 and 15 mgm. With EA-SS, reversal of either I.S.T. or blood pressure 
was not obtained with total doses of 20, 20, 48, 45, 92 and 132 mgm.; reversal was 
obtained with total doses of 362 and 500 mgm.; all of these figures each refer to 
the total in a series of successive injections in separate e-\'periments. IWiile no 
rigidly controlled comparisons of myocardial stimulation were made between 
ephedrine and EA-83 in equivalent initial doses their effects appeared to be 
generally comparable. 

The sequence given above in which 2 subcutaneous injections of 100 mgm. each 
were followed by 3 intravenous injections of 50 mgm. each was repeated several 
times for a particular reason. Because of their special character these injections 
are not included in table 2. The first subcutaneous injection of a relatively large 
dose (100 mgm.) might be e.\pected to produce a sustained elevation of the I.S.T. 
This proved to be the case; the mean of the highest levels reached was +78% 
and the I.S.T. was maintained above the control level for a mean period of 200 
minutes. The second subcutaneous injection of 100 mgm. was usually without 
effect, (These observ^ations demonstrate that prolonged’and uniform stimulant 
action can be obtained by the subcutaneous action of this drag. The period of 
‘ effects obtained in these experiments, however, cannot be taken as anything more 
than indicative because of the natural incidence of spontaneous changes in heart 
performance during prolonged periods.) The subsequent intravenous injections 
of 50 mgm. produced limited or no responses and an occasional reversal. After 
these conditions, in which the heart had become incapable of further stimulation 
with EA-83, administration of digitalis produced distinct and characteristic 
increases in the I.S.T. This effect was obtained in each of 4 instances in which 
it was thus administered. The conclusion appears justified that digitalis and 
this sympathomimetic amine produce their stimulant action through a distinctly 
different type of cellular attachment. A practical implication also follows in 
that these experiments suggest that digitalis ma}^ be relied on in the usual way 
after effects of this amine have been manifested. 

In contrast, a limited number of trials indicated that EA-83 was without effect 
after positive responses to ephedrine had been exhausted and likewise ephedrine 
was without stimulant effect after the heart had become unresponsibe to EA-83. 
Following several injections of barium chloride, EA-83 produced typical stimula- 
tion after each of 2 series of injections. EA-83 also produced typical increases 
in I.S.T. after large doses of quinidine (1 txial), caffeine citrate (2 trials), digitalis 
(1 trial), and calcium chloride (1 trial); after large doses of octin, EA-83 increased 
both I.S.T. and blood pressure, but not to the usual degree. 

Caffeine citrate was capable of acutely depressing both I.S.T. and blood pres- 
sure. More frequentlj', however, it produced moderate increases in both I.S.T. 
and blood pressure and subsequent injections, 2 times in one experiment and 5 
times in another, were followed by similar responses. 

Barium chloride in initial doses of 2 mgm. produced consistent and substantial 
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increases in both the I.S.T. and blood pressure which were maintained for more 
than 5 hour. In one experiment this dose was given 7 times successively with 
approximately similar but decreasing responses. The period of effects was sub- 
stantially less with these repeated doses (av. about 10 min.). Ectopic beats 
were not characteristic under these conditions. Doses of 5 mgm. produced more 
marked responses. There was good general parallelism of I.S.T. and blood 
pressure except in the case of one initial dose of 10 mgm. which produced a spec- 
tacular rise in blood pressure and marked depression of the I.S.T. Other doses 
of 10 mgm. given at stages of advanced depression following effects of other drugs 
produced considerable increase of both I.S.T. and blood pressure in 6 of 7 trials, 
with a period of thythm irregularities during the first stage of the effect. The 
stimulant effects observed here are in contrast to the negative effects reported 
by Krop (2) using isolated muscle strips and these results emphasize the differ- 
ences in the two conditions of experimentation. Jackson’s (23) observations of 
amplitude of myocardiograph lever stroke indicate a distinct stimulant action 
of soluble barium salts. 

Calcium chloride in doses of 20 mgm. produced prompt and consistent but 
moderate increases in both I.S.T. and blood pressure and these increases were 
capable of serial repetition. In contrast to thel.S.T. increase, the blood pressure 
responses were not maintained as long and, on serial injection, decreased more 
rapidly. 

Poiassnm chloride in doses of 20 mgm., produced effects which in several re- 
spects resembled those of small doses of epinephrine, the similarity covering con- 
sistency, brevity, repetition and parallelism of blood pressure and I.S.T. This 
particular similarity of epinephrine and potassium responses may be added to the 
several others described by Camp and Higgins (25). Terminal fibrillation fol- 
lowed once a dose of 20 mgm, and once a dose of 60 mgm. (This feature of potas- 
sium injections has been fully described by Stewart and Smith (26).) The 
typical increase in contractile force was also obtained 3 times successively follow- 
ing a scries of calcium chloride injections. 

Quinidinc sulfate in doses of 2, 2, 5, 5, 10 and 20 mgm. successively produced 
temporary lowering of blood pressure (—54, —40, —50, —40, —40, —40 mm. 
Hg.) with a residue of depression in most cases which brought the blood pressure 
progressively to a tenninal stage. The corresponding I.S.T. effects were respec- 
tively -1-15, -1-8, —15, —30, —23, —66%. This sequence was repeated in 
another experiment with essentially the same results. The relatively large doses 
required for serious depression of the I.S.T. might be considered to favor the con- 
tention of Levine (27) that clinical deaths due to quinidine are the result of re- 
spiratory depression rather than cardiac depression. 

When a sharp fall in blood pressure occurs as was the case here with quinidine 
as well as with amyl nitrite, direct, primary changes in contractile force are likely 
to be overbalanced by other more pronounced changes. A lowering of right 
intraventricular systolic pressure in itself might be expected, through its relief 
of tension load, to increase the measured I.S.T. Right intraventricular systolic 
pressure, however, does not follow the same wide fluctuations as does the sys- 
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temic arterial pressure (28, 29). At the same time, these fluctuations may be 
related to changes in venous return or intraventricular diastolic pressure and this 
recognizably is reflected in corresponding changes in contractile force of the heart 
muscle. 'When quinidine produces a slight increase in I.S.T., as it does here with 
small initial doses, suggested but undemonstrated interpretations are that the 
effect is due to increased diastolic tension or to sympathetic stimulation rather 
than to any primary increase of myocardial contractile force. The same might 
be said of the instances in which amjd nitrite produces an increase in I.S.T. 

Amyl nilrile usually produced a decrease in I.S.T. which closely paralleled the 
blood pressure fall (fig. 3). The effect in such cases was presumably due to other 
factors than primary myocardial depression. In one of the 4 experiments vith 
amyl nitrite the results were consistently contrarj' to those in the other 3 experi- 
ments and are not included in the table. In this e.xperiment, amyl nitrite ad- 
ministered 5 times produced decreases in blood pressure ranging from —40 to 
—60 mm. Hg. ivith changes in the I.S.T. from -1-4% to -1-40%. Subsequent 
administration of epinephrine in this experiment elicited e.xaggerated responses 
and this may have had some bearing on the interpretations. 

SUMMARY 

A method is described by which figures can be obtained representing the iso- 
metric systolic tension of a section of myocardium under conditions of an intact 
circulation. The changes in such tension produced by a series of 10 drugs has 
been described with respect to dosage, time intervals and associated changes in 
blood pressure and stroke amplitude. 
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Numerous publications have appeared indicating that streptomycin is quite 
stable in aqueous solution at ordinary conditions of pH and temperature (1, 2,3). 
It is knmvn that sulfhydrjl compounds (4), ketone reagents (5, 6), and salt (7) 
inactivate streptomycin. To our knotvledge it has not been demonstrated that 
streptomycin is antagonized by constituents present in bacteriological culture 
media or human serum. Since much of the in vitro work on streptomycin is 
done in a variety of culture media it was deemed advisable to determine the be- 
havior of streptomycin in such environments. 

Experimental. Media. To determine the effect of bacteriological culture media on 
streptomycin, three media were chosen. The first was essentially that proposed by Landy 
and Dicken (8) consisting of casamino acids, a mixture of vitamins, and inorganic salts 
(medium F 1) the second was a medium suggested by Waksman and Sebatz (2) containing 
meat extract 0.5%, glucose 1.0%, peptone 0.5%, and sodium chloride 0.5% (Medium F^)t 
and the third was a medium composed of Difeo proteose-peptone #3 0.5%, yeast extract 
0.3%, meat extract 0.5%, and lactose 0.5% (medium FZ). It was felt that these three 
media covered most of the range of materials used in bacterial growth tests and would give 
a fairly good indication of the stability of streptomycin in culture menstrua. Method. 
Streptomycin sulfate (Pfizer) in concentrations of 10, 25, 50, 100, 500 and 1000 ag./cc. was 
added to each of the media mentioned above, and aliquots from each incubated at 4°, 30°, 
and 37° C. At intervals of four hours and one, tno, four, and eight days samples were 
taken from the tubes and assayed for streptomycin by the paper-disc method of Loo, et al. 
(9). All samples were assayed in triplicate at two dilution levels. A total of 1620 assays 
(not including the controls; was run. 

Results in bacteriological media. Table 1 summarizes a representative 
sample of the results obtained. Each figure in the table is an average of six deter- 
minations and is the percent decrease of recovered streptomycin activity as com- 
pared to the initial concentration. It is apparent that the nature of the medium, 
temperature, time of incubation, and concentration of streptomycin all had a 
decided effect on the recovered actir-ity of streptomycin under the conditions of 

1 Sodium acetate, asparagine, guanine, .xanthine and uracil were omitted from the 
medium. 

The salt concentration of medium ft' I was appro.ximalely 0.1%. The exact salt con- 
centration of the meat extract, yeast extract, and peptones used in the other two media 
is unknown. The antagonism of streptomj'cin activity by salts, previouslj- reported (7), 
is very slight at salt concentrations of less than 0.5%. The solutions to be assayed in the 
experiments reported here acre diluted prior to assay resulting in salt concentrations far 
below those which would give antagonism of activity in the bioassay. 
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the tests. The most marked differences appeared between the media used. 
Streptomycin introduced in medium 3 lost potency less rapidly and to a smaller 
degree than in the other two media. In media ^ 1 and § 2 there was a loss of as 
much as 58% in potency of streptomycin within four hours. There was an addi- 
tional sharp decrease in recoverable streptomycin at one day at all temperatures, 

TABLE 1 

Effect of time, temperaturey and conccnlratton on tnacUialton of sirept07nycin by various culture 
media as tnrfica/cd by percentage of decrease of sireptomycin compared to 
concentration originally present 


PER CENT DECREASE OP ORIGINAL CONCENTRATION OP STREPTOiCYCIN 


STEEPTOM\aN 
/cc AT 

TIME 

___ 1 

30“C 

37'’C. 



Medium 

Medium 

Medium 

Medium 

Medium 

Medium 

Medium 

Medium 

Medium 



1* 

2 

3 

1 

2 

3 

1 

2 

3 

10 

4 hrs. 

37 

40 

0 

47 

58 

10 

47 

52 

0 


1 day 

S3 

53 

14 

59 

47 

0 

59 

35 

10 


4 days 

63 

59 

23 

62 

56 

2 

68 

49 

33 


8 days 

52 

46 

21 

60 

45 

37 

74 

32 

2 

50 

4 hrs. 

17 

25 

0 

22 

45 

0 

38 

33 

6 


Iday 

53 

48 

17 

3S 

39 

16 

52 

38 

IS 


4 days 

52 

40 

14 

56 

41 

16 

69 

48 

34 


8 days 

53 

44 

3 

54 

38 

21 

75 

41 

20 

100 

4 hrs 

15 


0 

28 

55 

0 

36 

14 

10 


1 day 

67 

25 

28 

39 

35 

15 

36 

28 

0 


4 days 

48 

41 

8 

52 

41 

5 

50 

41 

15 


8 days 

36 

42 

9 

56 

35 

7 

63 

30 

0 

500 

4 hrs. 

0 

0 

. 0 

4 

5 

0 

0 

0 

0 


1 day 

21 

24 

8 

20 

29 

10 

14 

22 

20 


4 days 

25 

26 

10 

30 

30 

0 

36 

8 

9 


8 days 

35 

14 

13 

41 

20 

3 

31 

5 

10 


* Medium 1 =» Medium of Landy and Dicken minus sodium acetate, asparagine, guanine, 
xanthine and uracil; this medium contains approximately 0 1% salts 

Medium 2 = Medium suggested by Waksman and Sebatz containing peptone 0 5%, 
meat extract 0 5%, NaCl 0 5% and glucose 1 0% 

Medium 3 = Beef extract 0 5%, yeast extract 0 3%, proteose-peptone #3 0.5%, and lac- 
tose 0 5% 

Each figure is the average of 6 replicate assays 

especially in media 1 and 2 There was a smaller relative loss when strepto- 
mycin was present in concentrations exceeding 100 jjg /cc. than in more dilute 
solutions of the antibiotic. Most of the loss in potency occurred during the first 
twenty-four hours. In general, there uas little or no further loss in activity 
during the next seven days. The loss in ieco\ erable streptomycin assumed the 
same general time pattern at all temperatures although there was usually 
a smaller loss of activity at 4°C. than at the higher temperatures. Streptomycin 
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controls in water at 4°C. showed no loss in acti\’ity during the period of the exper- 
iments. 

StatisticaIi analysis. As indicated by an analysis of variance (10) from the 
1620 assays there were significant differences (at 1% but not at 0.1% level of 
significance) in loss of potency at the various temperatures. Differences in loss 
of potency between media, at different concentrations of streptomycin, and for 
vaiying intervals of time were significant at much less than the 0.1 % level. 

Because of the unusually large number of replicate assays (six) made for each, 
combination of variables the-estimate of the error variance was based on a very 
large number of degrees of freedom. With the exception of the temperature 
variable, there is e.xtremely little probability that the differences observed could 
have arisen from random variation. Even in the case of temperature, which was 
the least significant of the variables, the chance is only one in one hundred that 
the differences obtained were due to random sampling. 

Results with human serum and plasma. To test the effect of constituents 
of serum on streptomycin, the antibiotic was added to human serum to a concen- 
tration of 50 iig./cc. and incubated at 37°C. (run in duplicate). At twenty-four 
hours the solution was assayed for streptomycin. There was a 40% decrease in 
recoverable streptomycin. 

A more elaborate experiment was performed ivith human plasma. Streptomy- 
cin was added to concentrations of 25 and 250 /jg./co. Aliquots of these solutions 
were incubated at 4°C. and ST'C. Assays for streptomycin were made at four 
hours and one, two, six and thirteen days. Over the period of the e.xperiment 
there was a decrease in streptomycin activit 3 ' of appro.ximateb' 25% in the more 
concentrated solutions and 50% in the more dilute solutions. With neither of 
the two concentrations were there any significant differences in the loss of po- 
tency at the tw'o temperatures. As in the case of the bacteriological media, the 
loss of activity attained a maximum at about one daj’’ and, in general, there was 
little or no further loss. The plasma used contained 1:10,000 merthiolate and 
sodium citrate as an anticoagulant. Streptomycin was recovered quantitative!}' 
at one day from solutions containing merthiolate and sodium citrate in the same 
concentrations as present in the above plasma. 

Discussion. The experiments reported here demonstrate that the activity of 
streptomycin in culture media is affected markedly by the particular medium 
used, the temperature and time of incubation, and concentration of streptomycin. 
The activity of streptomycin also was shown to decrease in human plasma. 

That the antibiotic is adsorbing onto certain constituents in the environment, 
in which adsorbed condition it is inactive (at least as determined by the method 
of assay used), is indicated by the facts that the decrease in potency generally 
reached a maximum in about twenty-four hours, the relative loss ivas greater 
with lower concentrations of streptomycin, and the loss varied with the composi- 
tion of the environment. 

The finding that the activity of streptomycin is greatly affected by con- 
stituents of certain bacteriological culture media lends additional support to the 
suggestion (7) that a standard set of conditions be adopted for such studies in 
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vilro as sensitivity tests. Such a set of conditions should include the following: 
(a) standard inoculum sice, (b) minimal salt concentration, or better, physio- 
logical concentration, since the information is usually desired in connection rvith 
in vivo work, (c) standard temperature, preferably at the optimal temperature 
for each organism, (d) a standard time interval at which the test is to be read, 
and (e) use of a medium, the components of which adsorb an insignificant or 
known amount of the antibiotic. Such a test could be based either on visible 
growth in serial dilutions of the antibiotic, or on the progress of growth followed 
turbidimetrically. A decision must be made as to what information is desired 
from a test of sensitivity. From a clinical standpoint, it is probably desirable 
to know what concentration will inhibit 100% of a fairly large sample of cells; 
therefore, it would be necessary to use large inocula and make final readings of 
the test after at least four days. The adoption of such a standard method would 
permit comparison of results from diflerent groups of investigators. 

SUMMARY 

The activity of streptoinycin was found to decrease while in solution in several 
bacteriological culture media, human serum, and human plasma. Maximum 
losses ranged up to 75%. Practically all the loss in activity occurred within 
the first twenty-four hours. The composition of the environment and the physi- 
cal factors of time, temperature, and concentrations of streptomycin were found 
to be significant variables in this loss of potency. It is postulated that the ob- 
served loss in potency is the result of adsorption onto constituents of these en- 
vironments. 
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Methylene blue and ascorbic acid have been shotvn to reduce methemo- 
globinemia in animals and in man (1-8). However, there are relatively few data 
concerning the indications for instituting treatment at various degrees of methe- 
moglobinemia. Moreover, it has not been demonstrated that methylene blue or 
ascorbic acid can prove a life saving measure at degrees of methemoglobinemia 
which, without treatment, would prove fatal. Thus, in discussing the treatment 
of methemoglobinemia in man (9), Wendel stated “The extent to which methe- 
moglobinemia is tolerated by human beings has not been determined. ... It 
would seem wise to give immediate treatment to patients with more than 30 per 
cent methemoglobin.” 

In the present paper, a more systematic attempt is made to define the indica- 
tions for treatment of methemoglobinemia. In the course of recent studies of 
the effect of methemoglobinemia on various physiological functions in man (10, 
11, 12), methemoglobin concentrations up to 45 per cent of the total blood pig- 
ment were induced. As an e.xtension of these investigations, higher concentra- 
tions were induced in the dog and the following studies were carried out: (a) the 
determination of the incapacitating and lethal levels of methemoglobinemia; 
(b) a comparison of the effects of various doses of ascorbic acid, methylene blue, 
and BAL in reducing methemoglobinemia and, (c) an evaluation of the therapeu- 
tic effects of methylene blue at lethal levels of methemoglobinemia. The results 
of these animal studies are reported in the present paper and are correlated rvith 
investigations in man and with previously recorded observations on the treat- 
ment of methemoglobinemia. 

Methods. The effects of methemoglobinemia and of the therapeutic agents were 
studied in 47 dogs. Methemoglobinemia was induced by the intravenous injection of a 
propylene glycol solution of p-aminopropiophenonc (PAPP) containing 2 mgm. per cc. 
The concentration of methemoglobin was determined by a slight modification of the Evelyn 
and Malloy method (13) and expressed as per cent of the total blood pigment; the details 
have been described in earlier papers (10, H). In the therapeutic e.xperiraents, aqueous 
solutions of ascorbic acid and of methylene blue and a propylene glycol solution of BAL 
(2-3 dimercaptopropanol) were injected intravenously. 

Resui-ts. Symptoms and lelhalily of p-aminopropiophenone (PAPP) induced 
methemoglobinemia. Twenty dogs were injected intravenously with p-amino- 
propiophenone in propylene glycol in doses ranging from 2.5 to 15 mg. per kgm. 
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Medical College, NewYork. 
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(table 1) and were followed until death or return to apparently normal behavior 
occurred. The rate of development of methemoglobinemia and the maximal 
level attained depended in general upon the size of the dose. To illustrate, the 
following concentrations of methemoglobin, expressed as per cent of total blood 
pigment, had developed in 30 minutes: at 2.5 mgm. PAPP per kgm. (dog 2), 44 
per cent; at 5.0 mgm. (dog 7), 58 per cent; at 8.0 mgm. (dog 10) 66 per cent. 
Maximal concentrations of methemoglobin were usually obtained about 1 hour 
after injection and remained constant for about another hour. The concentra- 
tion of methemoglobin then began to decline; at the end of 18 to 24 hours after 

TABLE 1 


Lethal levels of p-aminopropiophenone (PAPP) induced methemoglobinemia in dogs 


DOC NO. 

DOSE or PAPP 

iDuoaca lEVEL or 

IZETSCUOCLOBINEUIA 

TATE 

1 

mpn. per ktm. 

2.5 

Per cent 

61 

Survived, normal at 20 hours 

2 

2.5 

61 

Survived, normal at 20 hours 

3 

2.5 

58 

Survived, normal at 20 hours 

4 

2.5 

45 

Survived, normal at 20 hours 

5 

2.5 

53 

Survived, normal at 20 hours 

6 

5.0 

75 

Survived, normal at 20 hours 

7 

5.0 

73 

Survived, normal at 20 hours 

8 

5.0 

81 

Survived, normal at 20 hours 

9 

6.0 

89 

Died at 183 minutes 

10 1 

8.0 

89 

Died at 85 minutes 

n ‘ 

8.0 

89 

Died at 65 minutes 

12 

10.0 

83 

Died at 300 minutes 

13 

10.0 

87 

Died at 103 minutes 

14 

10.0 

86 

Survived; Stuporous 24 hours after methy- 

15 

10.0 

88 

lene blue; Hindleg paralysis; Sacrificed. 
Died at 100 minutes 

16 

10.0 

89 

Died at 67 minutes 

17 

10.0 

92 

Died at 80 minutes 

18 

15.0 

90 

Died at 27 hours 

19 

15.0 

91 

Died at 44 minutes 

20 

15.0 

89 

Survived; normal at 24 hours. 


injection of PAPP the concentrations were negligible, less than 1 per cent of the 
total blood pigment. 

Twelve dogs were observed more closely for the purpose of correlating the level 
of methemoglobin with the development of sjTnptoms (table 2). No symptoms 
were evident at concentrations less than 60 per cent methemoglobin. At ranges 
from 61 to 70 per cent the predominant sjmptoms were salivation and ataxia, 
although vomiting was also noted. At a range of 71 to 80 per cent the most fre- 
quently noted symptoms were ataxia and vomiting; 2 animals showed prostra- 
tion. At concentrations from 81 to 90 per cent, loss of consciousness was the 
outstanding symptom. With one exception (dog 14), animals wMch survived 
appeared normal 24 hours after injection. Dog 14 was stuporous and was unable 
to move its hind legs; it was sacridced for pathological study. 
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Of 8 animals which developed maximal concentrations of methemoglobin rang- 
ing up to 81 per cent, all survived and were normal during the subsequent period 
of observation of several dai's. In contrast, of 12 animals which received higher 
doses of PAPP and developed maximal methemoglobin concentrations, ranging 
from 83 to 92 per cent, only 2 survived. Methemoglobinemia developed very 
rapidly in these animals; 30 minutes after the injection of PAPP, the concentra- 
tions of methemoglobin were 70 to 80 per cent. The maximal concentrations 
were attained about 1 hour after injection and persisted, in the several instances, 
for a few minutes to 4 hours before death occurred. Of the 2 surviving dogs, one 
(dog 14) which had developed a marimal concentration of 86 per cent, was stu- 
porous and showed hind leg paralysis 24 hours after the induction of methemo- 
globinemia. The other animal (dog 20) which had developed a maximal con- 
centration of 89 per cent, survived and appeared normal at the end of 24 hours. 
It would therefore seem, on the basis of the present studies, that concentrations 
of PAPP induced methemoglobinemia, greater than 80 to 85 per cent and per- 
sisting for several minutes to several hours are almost uniformly lethal. 

TABLE 2 


Symplomalotogy of PAPP-induced methemoglobinemia 


SANC£ or 


ntSQUSMCY or sympious kotzs: 


CONCEKTSATIOK 

Salivation 

Ataxia 

Vomiting 

Prostration 

I<OS5 Ol 
consdousneas 

per cent 

61-70 

5 

s 

3 

0 

0 

71-80 

1 

5 

6 

2 

0 

81-90 

3 

0 

0 

1 

6 


Relative effects of methylene blue, BAL, and ascorbic acid in reducing PAPP-in- 
duced methemoglobinemia. Eighteen dogs were injected intravenously with 2.5 
mgm. PAPP per kgm. The concentration of methemoglobin was determined 60 
minutes later when, as noted in the earlier experiments, the concentration was 
maximal. Methylene blue, ascorbic acid or BAL was usually injected at this 
time or a few minutes later when the concentration of methemoglobin was still 
maximal and the same as that at 60 minutes. The rate of methemoglobin reduc- 
tion was expressed as the time in minutes required to reduce the methemoglobin 
to one half its maximal concentration. 

Table 3 shows the comparative rates of reduction of methemoglobin in the ab- 
sence of any therapeutic agent and in the presence of intravenously administered 
methylene blue, BAL and ascorbic acid. About four hours were required for the 
spontaneous reduction of methemcglobin to one half its maximal concentration. 
At a dose of 1 mgm. per kgm. methylene blue, the same degree of reduction was 
accomplished in 22 to 42 minutes (dogs 22 to 25). Higher doses of methylene 
blue appeared to accomplish the reduction somewhat more rapidly (dogs 26 to 
29). A comparable degree of reduction was attained by BAL at doses of 50 mgm. 
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per kgm. Ascorbic acid accomplisbed some reduction (half time, 100 to 204 
minutes) at very large doses, 200 mgm. per kgm. 

Of the three agents employed above, BAL reduced methemoglobinemia rapidly 
only at doses which approached the toidc range (14) . Ascorbic acid, even in high 

TABLE 3 


Rale of reduction of PAPP-induced methemoglobinemia in dops 


DOC KO. 

DOSS or TOE»ArE\mc aciot 

UMOHAX. COXCXKTlAtlOH 
METHIMOCUJBEI, PEX CESiT 

or TOTAL ncME>rr 

TTUX SLQOTaED TO ILZDVCE 
METSmOCrOBD? TO ONT'EAlT 
THE UAXOUL COXCELTSATZOX 

Control 


mpn. {tr 


minuUs 

1 

_ 

61 

250 

2 

— 

61 

205 

3 

— 

58 

250 

Methylene Blue 

21 

0.2 

69 

175 

22 

1.0 

46 

42 

23 

1.0 

55 ! 

22 

24 1 

1.0 

55 j 

31 

25 i 

1.0 1 

52 ' 

49 

26 

5.0 

56 

21 

27 

5.0 

63 

28 

28 

7.0 

70 

26 

29 

10.0 

64 

9 

BAL 

30 

4.8 

65 

163 

31 

4.9 

49 

60 

32 

51.1 

62 

29 

33 

, 31-3 

BO 

SO 

Ascorbic Acid 

34 


66 

No decrease 

35 


51 

100 

36 


70 

ISI 

37 

200 

60 

204 

38 

200 

54 

140 


doses, was only slightly effective. It appeared most suitable, therefore, to test 
methylene blue for its therapeutic effectiveness at lethal levels of methemoglo- 
binemia. 

Therapeuiic effect of methylene blue at lethal levels of methemoglobinemia. Nine 
animals (dogs 39 to 47) were injected with 10 or 15 mgm. PAPP per kgm., doses 
which had previously proven fatal. When these animals developed marked 
symptoms of poisoning such as loss of consciousness or rapid and irregular respira- 
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tion, methylene blue (1 mgm. and, in two instances, 1.5 mgm. per kgm.) was in- 
jected intravenously. The times of methjdene blue administration ranged from 
45 to 78 minutes after the injection of PAPP and, as may be seen from table 4, 
the concentrations of methemoglobin were greater than 84 per cent. Of the 9 
animals treated with methylene blue, 8 recovered completely. This high rate of 

TABLE 4 


Effect of mtraienous tnjecUon of 1 mgm. •per kgm methylene blue at lethal degree of 
PAPP -induced methemoglobinemia 


DO& ^0 

DOSE OF 

PAPP 

' XVIE2.\ AL BETI^TEN I 
PAPP AVD 1 

' a£ETH\LEVE BlCE | 
[ IS/ECTIONS 

coscE>mnTiov or , 
UEl:H£MOCLOBIV AT ] 
TliO: or JTETHMEN'E j 
BtUE IV/ECnOV 

1 

COSCENTBATIOV or 
METIIEMOCl.OBrV 1 
BOLTl AFTEB 
METHVLEVE BLUE 

TATE 


Wfm per 

1 

1 trtinufes 

per cent 

per cent 


39 

10 

43 j 

86 

93 

Survived and normal 20 






hrs later 

40 

10 

63 i 

84 

S5 

Survived and normal 20 



I 1 



lirs later 

41 

‘ 10 

78 i 

84 

73 

Survived and normal 20 



1 



hrs later 

42 

1 

' 10 

52 

87 

71 

Surv ived and normal 20 


1 




hrs later 

43 

^ 10 

1 62 ) 

85 

67 

Survived and normal 20 



1 



1 hrs later 

44 

15 

48 

88 

75 

^ Survived and normal 20 






hrs later 

45 

15* 


90 

78 

Survived and normal 20 



54 j 



hrs later 

46 

IS* 

55 

92 

1 

Died 3 mm after 

1 




1 

Methylene blue in- 
jection 

47 

15 

48 

89 

82 

Survived 


* 1.5 mgm methylene blue per kgm. injection 


recoveryis to be contrasted with the low rate of complete recovery, 1 of 12, at these 
ranges of methemoglobin concentration when no therapy was instituted (table 1). 

The improvement in condition following the injection of methylene blue was 
remarkable. Immediately after the injection, the respiration increased, and 
within 10 minutes the animals w'hich had been prostrate or unconscious were able 
to sit up or walk, even though the gait was uncoordinated. At the end of 3 to 4 
hours, the animals usualli- appeared normal. The sequence of symptoms may be 
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illustrated in greater detail in the case of dog 47. Sixteen minutes after this 
animal was injected with 15 mgm. PAPP per kgm., ataxia developed; the concen- 
tration of methemoglobin at this time was 66 per cent. Salivation and prostra- 
tion then became marked and the dog lost consciousness. Forty eight minutes 
after the administration of PAPP when the animal was still unconscious, and the 
concentration of methemoglobin was 89 per cent, 1 mgm. methylene blue per 
kgm. was injected. Six minutes later, the animal regained consciousness and 
sat up. Although it showed some slight ataxia during the next 3 hours, it was 
able to walk to its kennel and appeared completely normal the next morning (18 
hours later). 

It may be noted that, although the injection of methylene blue resulted in the 
very rapid improvement of the condition of the methemoglobin poisoned ani- 
mals, this improvement was not accompanied by any sudden marked decrease 
in the methemoglobin levels. At the end of 1 hour, the most marked decrease 
was to 79 per cent of the level at the time of the methylene blue injection (dog 
43) whereas in one instance (dog 39) the concentration increased to 106 per 
cent of the level at the time of the methylene blue injection. These slight 
changes in the methemoglobin concentration are to be contrasted with the very 
rapid decrease occurring with this dose of methylene blue in dogs with non-lethal 
degrees of 60 to 70 per cent methemoglobinemia. 

Discussion. Darling and Roughton (15) have shown that methemoglobine- 
mia, like carboxyhemoglobinemia, shifts the oxygen dissociation curve of the 
residual o.xyhemoglobin to the left and renders the curve less sigmoid and more 
hj"perbolic. The decrease in hemoglobin available for oxygen transport together 
with the shift of the dissociation curve constitute a potential handicap to the or- 
ganism in the unloading of oxygen in the tissues. However, it would appear from 
the studies by Asmussen and Chiodi (16) of carboxyhemoglobinemia in resting 
man, and by Clark, Van Loon and Adams (17) of methemoglobinemia in the dog 
that, for levels of inactive pigment up to about 40 per cent, adjustment in the 
unloading of oxygen in the tissues is accomplished by calling on the reserve or 
lower half of the oxygen dissociation curve. At methemoglobin concentrations 
greater than 40 per cent, oxygen supply to the tissues is maintained not only 
through this mechanism but also by increases in cardiac rate and output (17). 

The question naturally arises as to the levels of methemoglobinemia at which 
the resen'e of the oxygen dissociation curve and the circulatory adjustments, 
combined, prove inadequate in supplying oxygen to the tissues, as judged by the 
development of S 3 Tnptoms and the occurrence of death. Vandenbelt, Pfeiffer, 
Kaiser and Sibert (18) found that oral administration of p-aminoceptophenone 
and p-aminopropiophenone to dogs resulted in ataxia at 60 per cent methemo- 
globin, salivation and prostration at 75 per cent and loss of consciousness at 85 
per cent. Five out of six dogs which developed maximal concentrations ranging 
from 82 to 87 per cent recovered, whereas 3 of 3 dogs with maximal concentra- 
tions of 94 to 95 per cent died. The lethal level of methemoglobinemia was be- 
tween 87 and 95 per cent. Lester and Greenberg (19) found less marked symp- 
toms in nitrite-induced methemoglobinemia. By injecting repeated small doses 



52 


OSCAK BODANSKY AND HELMUT GUT1L\NN 


of sodium nitrite into a cat, they obtained increasing methemoglobin concentra- 
tions with no ill effects at 66 per cent, ataxia but no unconsciousness at 82 per 
cent and 87.5 per cent, and ultimate recovery. In a dog which was similarly 
injected, depression occurred at concentrations of 70 to 80 per cent, ataxia but 
no unconsciousness at 80 to 85 per cent and prostration at 85 to 89 per cent; the 
dog recovered. Our results indicate, in general, a similar development of symp- 
toms. The minimal lethal level of methemoglobinemia is somewhat lower (about 
80-85 per cent) than that reported by Vandenbelt et al (18). 

The present work as well as that of Vandenbelt et al (18) and of Lester and 
Greenberg (19) represent the highest degrees of methemoglobinemia which have 
been produced in animals and appear to indicate that the lethality of the com- 
pound is due essentially to the conversion of hemoglobin to inactive methemo- 
globin. The maximal concentrations produced by other methemoglobin formers 
are less ; e.g. in the rat, p-aminophenol does not form more than 35 per cent methe- 
moglobin, and ;9-phenylhydroxylamine not more than 63-66 per cent (20). In 
creasing the dose beyond that yielding maximal concentration of methemoglobin 
results in the death of the animal by mechanisms other than by the anoxia due to 
formation of methemoglobin. 

Concentrations of methemoglobin ranging up to 37 per cent have been pro- 
duced in man in the course of sulfanilamide therapy (3, 4). - Bodansky and co- 
workers (10, 11) induced concentrations up to 30 per cent by the oral administra- 
tion of p-aminopropiophenone. Except for cyanosis which became evident at 
about 12 per cent methemoglobin, there were in general no complaints or symp- 
toms in these men. Occasionally, an individual would complain of some fatigue 
following an ordinarily non-fatiguing task. Bannon and Escher (12) produced 
methemoglobinemias of 40 to 45 per cent in 3 individuals. No symptoms, except 
cyanosis, were evident at rest or on a mild ambulatory regime. Degrees of 
methemoglobinemias ranging from 30 to 45 per cent have been reported in several 
cases of familial idiopathic methemoglobinemia. Of 5 such cases recently sum- 
marized by Barcroft et al (21 ), 3 showed no ssanptoms while one had dyspnea and 
headache, and a second dyspnea in severe exercise. 'The highest degrees of 
methemoglobinemia in man are those reported by Faucett and Miller (22) in 2 
cases of very young infants who had been on a formula which was made up with 
nitrate-containing well water; the reduction of nitrate led to the formation of 
methemoglobin, the concentration of which was 58 and 71 per cent in these two 
cases. At these degrees of methemoglobinemia, these two infants e.xhibited in- 
tense cyanosis, were listless, showed increased heart and respiratory rates, but 
were not comatose. There have been other instances of severe cyanosis charac- 
terized by semi-stupor or by death (23, 24), but no quantitative methemoglobin 
determinations were recorded in these instances. 

On the basis of the available data, it would appear that methemoglobinemias 
in man up to 30 per cent produce no symptoms, although it has been shown that 
in moderately severe effort at this degree of methemoglobinemia, oxygenation of 
the working muscle is impaired (11). In degrees of methemoglobinemia from 30 
to 45 per cent, symptoms are absent or slight. It is possible that in the cases of 
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familial idiopathic methemoglobinemia reported by Barcroft et al (21), the mild- 
ness of the s 5 miptoms was due to the compensatory development of poly- 
cythemia. Concentrations of methemoglobin up to 45 per cent do not therefore, 
per se, constitute an emergency, although it is possible that this degree of methe- 
moglohinemia may, in conjunction with a direct toxic effect on the circulation or 
respiration, be dangerous. The lethal degree of methemoglobinemia in man 
cannot be estimated precisely. The recorded existence of 58 and 71 per cent 
methemoglobinemias without unconsciousness would seem to indicate, by anology 
with the symptoms in animals, that the lethal degree may well be above 70 per 
cent and approach that reported here for the dog. 

The rapid reduction of methemoglobinemias by methylene blue in animals pre- 
viously observed by a number of investigators has also been noted in the present 
work. It has been shown that the rate of reduction by methylene blue is much 
greater than that by ascorbic acid or by BAL and it has been demonstrated that 
methylene blue can prove a life saving measure at degrees of methemoglobinemia 
which, without treatment, would prove fatal. It is worthy of note that in the 
present experiments, although methylene blue accomplished rapid abatement of 
severe and fatal symptoms at extreme degrees of methemoglobinemia, the concen- 
tration of methemoglobin was affected only slightly. The mechanism of the 
action of methylene blue at these ranges of methemoglobin concentrations de- 
serves further study. 

Clinical experiences in the treatment of methemoglobinemia may now be 
briefly reviewed. Wendel (3) treated 6 cases of human sulfanilamide-induced 
methemoglobinemia, ranging in concentrations from 18 to 29 per cent of the total 
blood pigment, by the injection of 5 to 13 cc of a 1 per cent methylene blue solu- 
tion. This was equivalent to a dose of 1 to 2 mgm. per kgm. Forty to 80 min- 
utes after injection, the methemoglobin concentration was found reduced to 0 to 
3 per cent of the total blood pigment. Hartmann, Perley and Barrett (4) treated 
sulfanilamide induced methemoglobinemias in children by the intravenous in- 
jection of 1 to 1.5 mgm. methylene blue per kgm. body weight. The concentra- 
tions of methemoglobin which were about W to 30 per cent before treatment de- 
creased markedly or disappeared in 30 minutes. 

Williams and Challis (23) reported a case of methemoglobinemia induced by 
the contact with p-bromanilin and p-bromorthosulphanilic acid. The patientwas 
mtensely cyanotic and semi-comatose when 100 cc of a 1 per cent methylene blue 
solution (equivalent to about 15 mgm. methylene blue per kgm.) was injected. 
In 1 hour the patient was revived and the lips and nails were normal in color. In 
the two cases reported by Steele and Spink (25), one patient was disoriented and 
the other semi-stuporous; the intravenous injection of 60 cc of 0.5 per cent 
methylene blue (about 4 mgm. per kgm.) resulted in dramatic improvement. 
Within 15 minutes after the injection, the patients sat up and appeared well. 
In the 3 cases described, no quantitative methemoglobin determinations were 
made. 

Comly (5), Ferrant (26), Faucett and Miller (22) have described treatment of 
nitrite-induced methemoglobinemia in verj- young infants, due to the inclusion of 
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nitrate containing well water in the milk formulae. Treatment was carried out 
by the intravenous injection of 0.5 to 0.6 cc of a 1 per cent solution of methylene 
blue or a dose of about 1.5 to 2 mgm. per kgm. The report by Faucett and Miller 
(22) is veiy instructive. Two infants showed increased respiratory and heart 
rates and were lethargic. The methemoglobin concentration was 58 per cent and 
71 per cent when 0.5 cc and 0.6 cc respectively of a 1 per cent methylene blue solu- 
tion (equivalent to 2 mgm. per kgm.) were injected. Thirty minutes later the 
infants appeared clinically well; the respiratorj’^ and heart rates had dropped to 
normal and the methemoglobin concentration was 4 to 5 per cent of the total 
blood pigment. 

Since the lethal degree of methemoglobinemia in man has not been determined, 
the data which have just been reviewed do not prove that recovery might not 
have taken place without the institution of therapy. However, these data do 
show that doses of methylene blue ranging from 1 to 1 5 mgm. per kgm. are highly 
and rapidly effective in reducing methemoglobinemia of moderate or severe 
degree in man. It is of particular interest that, in the only cases (those of Fau- 
cett and Miller (22)) in which the existence of grave degrees of methemoglobine- 
mia were quantitatively recorded, the use of a small dose of methylene blue, 2 
mgm. per kgm., proved highly effective in the amelioration of symptoms. Our 
e.xperimental data demonstrate that a dose of 5 mgm. per kgm. possesses slight, 
if any, advantages over a dose of 1 mgm. per kgm. in reducing methemoglobine- 
mias of 50 to 60 per cent. A dose of 1 mgm. per kgm. methylene blue is highly 
effective in saving dogs from a degree of methemoglobinemias which, without 
treatment, would prove fatal. These findings indicate, in conjunction with the 
clinical data, that small doses of methylene blue, 1 to 2 mgm. per kgm., should be 
completely adequate in treating methemoglobinemia in man, no matter how 
severe it may be. That such a dose is well below the toxic level is evident from 
the report by Nadler et al (27). They injected intravenously 50 cc of a 1 per 
cent solution (about 7 mgm. per kgm.) in 18 men and observed the chief symp- 
toms to be a sense of oppression in the chest with some difficulty in breathing, 
occasional dull pains over the heart, a sense of restlessness and apprehension, and 
fine fibrillary tremors of the face and extremities. There were also increases in 
heart and respiratoiy rates, electrocardiographic changes consisting of a reduc- 
tion in height or even reversal of the T-waVe vdth a lowering of the E,-wave, and 
methemoglobinemias ranging from 0.4 to 8.3 per cent. 

Ascorbic acid has also been used in the treatment of methemoglobinemia. For 
example, Deeny, Murdock and Rogan (6) treated 2 cases of familial, idiopathic 
methemoglobinemia with doses which began at 50 mgm. twice daily and were in- 
creased to maintenance levels of 150 and 200 mgm. twice daily. The blood 
methemoglobin concentrations after 10 and 13 months’ treatment in the 2 cases 
were 1.3 gm. and 1.25 gm. per 100 cc respectivelj'. In another case with an ini- 
tial methemoglobin concentration of 46 per cent, Graj^biel, Lilienthal and Riley 
(7) administered 100 mgm. ascorbic acid and 0.6 gm. sodium bicarbonate thrice 
daily for 14 days at which time the methemoglobin concentration had been re- 
duced to 11 per cent. The dose of ascorbic acid was then increased to 200 mgm. 
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three times daily. Camrick, Polis and IQein (8) recently reported the treatment 
ivith ascorbic acid of 2 cases of suddenly induced methemoglobinemia. In one 
case, in which the etiology was not clear, the concentration of methemoglobin 
was 3.6 gm. per 100 cc (about 25 per cent of the total blood pigement) ; 72 hours 
after the administration of 500 mgm. daily by mouth, the methemoglobin was at 
negli^ble levels. In a second case, in which the methemoglobinemia ivas pre- 
sumably due to ingestion of nitrite, the methemoglobin concentration before 
treatment was 3.9 gm. Doses of 500 mgm. and, four hours later of 200 mgm. 
ascorbic acid, w'ere injected intravenously; two hours later or 6 hours after the 
beginning of therapy, the methemoglobin concentration was 1.9 gm. per 100 cc 
or one half of its original value. 

It may be seen that, in accordance with our experimental data in animals, 
large doses of ascorbic acid are necessarj' to reduce methemoglobinemia in man 
and that the rate of reduction is very slow, as compared with that by methylene 
blue. There appears to be no question of the advisability of employing meth- 
ylene blue in acutely induced methemoglobinemias, especially where the symp- 
toms are grave. However, it seems that in familial, idiopathic methemoglo- 
binemia, where repeated daily administration is necessary, ascorbic acid would 
be preferable to methylene blue. 


SUMMARY 

1. The minimal lethal level cf p-aminopropiophenone induced methemoglo- 
bmemia in dogs is about 80 to 85 per cent of the total blood pigment. 

2. At very high but non-lethal levels, methemoglobinemia is reduced much 
more rapidly by methylene blue than by ascorbic acid or by BAL. At an 
intravenous dose of 1 mgm. per kgm. methylene blue is highly and rapidly effec- 
tive in saving dogs from death at degrees of methemcglobinemia which would 
otherwise be fatal. 

3. A correlation of the clinical literature -with the experimental results ob- 
tained in the present study, indicates that the minimal lethal level of methemo- 
globinemia in man approaches that in the dog and that an intravenous dose of 
1 to 2 mgm. methjdene blue per kgm. is highly and rapidly effective in counter- 
acting the symptoms of severe methemoglobinemia. 
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The recent revival of interest in Alsionia alkaloids was aroused by the possi- 
bility of their substitution for quinine in the treatment of malaria. Leonard and 
Elderfield (1) elucidated the structure of alstonine, which they isolated from 
Alsionia constricla, and firmly established the presence of ^-carboline in the 
molecule — ^making the alkaloid similar to yohimbine. Just as Buttle (2) ob- 
tained negative results with alstonine sulfate, and Keogh and Shaw (3) with a 
mixture of Alsionia alkaloids, Maier (1) detected no parasiticidal action with 
alstonine in chicks infected with Plasmodium gallinaceum. 

With a generous supply of crystalline alstonine hj’drochloride from Professor 
Robert C. Elderfield, Department of Chemistry, Columbia University, New York 
City, we proceeded to make a detailed pharmacologic study. The sample was 
easily soluble in water, imparting a blue fluorescence. Experiments were 
carried out to test the effects of alstonine HCl on experimental malaria, blood 
pressure, respiration, heart, smooth muscle organs, blood sugar, and urine; 
and to determine its acute toxicity. 

Decs. A.. Thirty ducklings, 4 weeks old and weighing approximately 400 g. each, 
were transfused with the blood of a duckling previously infected with Plasmodium lophurae, 
at theheight of its parasitemia. The inoculating dose was 2 billion parasitized erythrocytes 
per kg. of body weight. On the same day, intravenous medication was started — and 
continued for a total of 5 days — 14 ducklings with alstonine HCl, and 6 with quinine 
dihydrochloride, all 3 times per day. The dose of alstonine HCl varied from 10 to 100 mg. 
per kg., and that of quinine 2HC1, from 5 to 10 mg. per kg. Ten infected animals receiving 
no drugs of any kind served as controls. Counting of parasitized red blood cells was made 
from a smear of each duckling taken on the fifth and sixth days. 

Table 1 shows the results of this experiment. The smallest do. e of alstonine 
HCl which reduced parasitemia to an average of below 50 per cent on the sixth 
day was 15 mg. per kg., and that of quinine 2HC1, 10 mg, per kg. If these 
doses are compared, it becomes obvioas that alstonine HCl is approximately 
f as active as quinine 2HC1, weight for weight. On the sixth day^ the control 
group (without medication) had an average of 78 per cent parasitemia. The 
activity of alstonine in duck malaria with lophurae infection is of particular 
interest, because the results of our predecessors (1-3) in other forms of avian 
malaria were negative. It should also be observed that alstonine HCl in the 
dose of 50 or 100 mg. per kg. lulled the duckling on the first day, due to its own 
toxic action. Similarly, 2 ducklings treated with 25 mg. of alstonine HCl per 
kg. of body weight, 3 times a day, showed no parasites in the blood on the sixth 

'Present address, Mayo Clinic and Mayo Foundation, Rochester, Minnesota. 
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day, but died on the following day. This is in contrast with quinine 2HC1; 
which in a wide range of doses completely eradicates the parasites without 
causing death to the host animal. 

Acute toxicity. The median lethal dose ± standard error (LDso ± S.E.) 
of alstonine HCl was determined by intravenous administration in mice and 
rats. Calculations were made according to the method of Bliss (4). The 
LDso rt S.E. for alstonine HCl was found to be 8.8 ± 0.3 mg. per kg. in mice, 
and 14.4 ± 0.79 mg. per kg. in rats. Mice evidently are more susceptible to 
the toxic effects of alstonine than rats. Table 2 summarizes the data. Quinine 
2HC1 studied under the same conditions showed an LDbo ± S.E. of 119.4 ± 7.43 
mg. per kg. in mice. There is no question that alstonine is much more toxic 
than quinine. 


TABLE 1 

Action of alstonine in duck malaria with Plasmodium lophurae 


DRUG 

DOSE I.V. 

NTITBES OP 
DUCKLINGS USED 

AVERAGE EARASITEUIA 

Alstonine HCl 

ptg. fer kg. 

10 

3 

% 

56 


15 

3 

33 


20 

3 

33 


25 

3 

10 (2 died on 7th day) 


50 

1 

(died on let day) 


100 

1 

(died on 1st day) 

Quinine 2HC1 

5 

2 

87 


7.5 

2 

77 


10 

2 

37 

None 


10 

78 


Upon injection of toxic doses of alstonine, the following manifestations were 
noted in the animals. After an initial increase in the rate of breathing, respira- 
tion became irregular and of the gasping spasmodic type. A short period of 
restlessness followed the injection. Fine generalized muscular tremors often 
occurred, with a transient coarse quiver spreading throughout the skin over the 
whole body. When respiration ceased, the animals appeared paralyzed — 
especially in their hind legs — and went into a state of total flaccidity. No 
comeal or tendon reflexes could be elicited. No convulsions were observed in 
any of the animals, not even when fatal doses were administered. Death 
obvious!}’ resulted from primary respiratory failure, since the heart beat persisted 
for a considerable period after cessation of respiration. The animals that 
survived the injection of alstonine HCl recovered completely. 

Twelve frogs were injected by the ventral lymph sac with a 1 per cent solution 
of alstonine HCl, the doses varying from 0.32 to 0.93 mg. per g. Within 10 
minutes after administration of alstonine, the frogs became lighter in color and 
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were depressed, with vety sluggish reflexes. In 40 to CO minutes, the}' nere 
prostmted. Jumping moven^^uts were occnsionnll}’’ ohserved. The nbdominnl 
wall of those frogs receiving the larger doses was markedly congested, showing 
the irritant action of alstonirie. After pithing, the chambers of the heart were 
found to be engorged, and the heart rate was slowed 18 to 35 beats per minute 
as compared with CO to 75 iA the controls. Two to one A-V block was noted, 
and this sometimes gradually progressed to three to one, or more. Before the 
A-V block developed, the A-V interval was quite prolonged as compared wVfn 
that in the controls. 

Action on blood pressuI^e and respiration. In dogs, under barbiturate 
anesthesia, intravenous administration of alstonine HCl in the dose of 2 to 5 mg. 
per kg. consistently produced a sharp fall in blood pressure n-ithout any evident 
change in heart rate. In addition to the marked hypotensive effects, larger doses 


T.ABLE 2 

Acwlf toximly of alslonine HCl 


ASIMAI. 

DOSE 

KUUBES DIED 

NUMBER JJSED 

LDm ± S.E. 


lilt- P" ip 


per kg. 

Mice 

8.0 

2/10 



9.0 

! r/io 

S.SiO.3 


10.0 

12/15 


Eats 

1 

5.0 : 

0/5 



s.o 

0/5 



10.0 

0/5 



12.5 

3/10 

14.4 ± 0.79 


14 0 

1 4/10 



16 0 

1 6/10 



18.0 

i 5/5 



produced cardiac irregularities. Several minutes after administration of alsto- 
nine, intravenous injection of adrenalin resulted in a much smaller rise in blood 
pressure as compared -with the rise brought about by a similar dose of adrenalin 
given prior to the administration of alstonine (figure 1). This is confirmatory of 
White’s observation in cats (2)- Occasionally, the pressor effect of adrenalin in 
dogs could not be elicited after alstonine. Thus, alstonine resembles yohimbine, 
not only chemically but also pharmacologically, in that it possesses adrenolytic 
action. However, in our experiments on dog.s, there was no case in which a 
definite reversal of the adrenalin effect was obtained after administration of 
alstonine. The cardiac irregularities that appeared under the influence of 
alstonine were at times temporarily abolished upon injection of adrenalin, but 
reappeared .soon after the effect of adrenalin wore off. ' 

In pithed dogs, the depressant effect of alstonine on the blood pressure was 
very slight as compared with that in the anesthetized animal. The usual 
pressor action of various do-es of adrenalin wa.s markedly reduced and, in certain 
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cases, completely abolished in the pithed dog after administration of alstonine. 
No reversal of the adrenalin effect was obtained after alstonine in the pithed 
dog. 

Under barbiturate anesthesia, the blood pressure of rats was recorded kjano- 
graphically in the usual procedure by use of a mercury manometer connected 
either to the carotid artery or to the abdominal aorta at its bifurcation to the 
common iliacs. Intravenous injection of alstonine HCl in amounts of 1 to 10 mg. 
(total dose) brought about a sharp fall in blood pressure, the severity and dura- 
tion of which was roughly proportional to the dose. 




Fig. 1. Action' of Ai.sto.nin'e ov the AiiTEniM. Bi-ood PnF.ssciiE 

Top tracing, carotid blood pressure in the rat under pentobarbital sodium anesthesia; 
middle tracing, carotid blood pressure in the cat under ‘Sodium .Amytal’ (Sodium Iso-amyl 
EC '.iP;:' I ■.T.!’!;.' ; lesthesia; bottom tracing, respiration and carotid blood pressure 

lb.;' ' d ■; ■= Sodiura| (Sodium Propyl-mcthyl-carbinyl -VHyl BarbituratCi 

L".l;. ■■■ ■ ■. Sii -'.legs were given intravenously. After alstonine, the pressor effect 

of adrenalin was much reduced in tlie dog and in the cat, and also, usually in the rat. In 
a few rats reversal of the adrenalin effect uas obtained after alstonine; that is, instead of 
the usual rise of blood pressure, adrenalin, sometimes, produced a fall. This is demon- 
strated in the rat blood pressure in the top tracing. The hypotensive effect of mccholyl 
on the cat was not significant!}' altered by alstonine (middle tracing). 

The intravenous administration of various doses of adrenalin, 2 to 15 minutes 
after the injection of alstonine, was usually followed by a marked reduction in 
the rise of arterial blood pressure as compared with the rise produced by identical 
doses of adrenalin given prior to the injection of alstonine. Sometimes, a 
slight reversal of the adrenalin effect on blood pressure was produced by adrenalin 
after administration of alstonine. Figui-c 1 demonstrates the reversal of the 
adrenalin effect in the rat after alstonine. However, it must be clearly empha- 
sized that in the rat, as in the other species studied, the usual effect of adrenalin 
after alstcninc was a reduction in the magnitude of the pressor effect rather than 
a constant reversal. 
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In anesthetized cats, the effects of aktonine on blood pressure were the same 
as those observed in the dog and in the rat, that is, a marked fall. Similarly, 
the pressor effects of various doses of adrenalin on the blood pressure were much 
reduced after administration of aktonine (figure 1), but no reversal of the adren- 
alin effect on the blood pressure was observed after aktonine HCl. In the cat, 
Keogh and Shaw (3) obtained a reversal of the effect of adrenalin after injection 
of Alstonia alkaloids, namely, a fall in blood pressure instead of a rise was pro- 
duced by intravenous administration of adrenalin. The depressor effects of 
various doses of mechol}’! on the arterial blood pressure of the cat were not 
significantly altered after administration of aktonine (figure 1), 

Aktonine HCl caused changes in respiration, as obseiwed in blood pressure 
e.vperiments. In anesthetized dogs, a dose of 2 to 5 mg. per kg., injected intra- 
venously, resulted in rapid, irregular, and spasmodic respiration for a few 
minutes, with complete recovery (figure 1) — ^probably a reflex reaction to the 
fall of blood pressure. Large doses (10 or more mg. per kg.), however, caused 
death by respiratoiy failure, since the heart continued to beat for several min- 
utes. Aktonine had a similar action on respiration of the cat and rat, namely, 
initial rapid and irregular respiration, followed by gasping, and death from 
respiratory failure, when toxic doses were administered. 

Action on the heart. In view of the appearance of cardiac irregularities 
in blood pressure tracings, the effects of aktonine on the electrocardiogram were 
studied in the dog under barbiturate anesthesia. Control electrocardiograms 
were taken and followed by intravenous administration of various doses of 
aktonine. Thereafter, electrocardiograms were taken at repeated intenmk. 
Moderately large doses produced disturbances in initiation (extrasystoles) and 
in conduction of impulses. F atal doses brought about an array of disturbances in 
the electrocardiogram. Figure 2 gives a chronologically detailed picture of the 
influence of a fatal dose of aktonine HCl, 15 mg. per kg., intravenously admin- 
istered into a dog. Initially, there was a transient increase in the heart rate 
which is attributable to the fall in blood pressure as seen in the upper right 
corner of figure 2. This, however, was soon followed by cardiac failure with 
severe disturbances in both initiation and conduction of cardiac impulses sub- 
sequent to respiratoiy^ failure, as seen in figure 2. 

Axi investigation of the effect of aktonine HCl on the isolated heart of the 
cat, rabbit, and turtle was made. In the rabbit and cat, the coronary arteries 
ivere perfused by the Langendorff method. The turtle’s heart was perfused 
bj' the use of a special glass cannula, introduced through a slit in the left auricle, 
into which aerated, amphibian Ringer-Locke solution was introduced. The 
details of the technique were described by one of us previously (5). In all 
experiments, the drug was dissolved in the perfusing fluid to make eoncentrations 
varying from I'.IOOO to 1'. 10,000, and was delivered from a Mariott bottle. A 
second Mariott bottle containing the non-medicated Ringer-Locke solution was 
placed at the same level as the first, so that the hydrostatic pressure was the 
same in both bottles. 

Aktonine HCl produced comparatively similar effects on the isolated heart 
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of the cat, rabbit, and turtle. The severity of effects varied roughly with the 
concentration of the drug in the perfusing fluid. Initially, the high dilutions 
produced a transient increase in tone of the heart and a mild reduction in the 
amplitude of the beats (figures 3 and 4) ; but upon repeated or continued applica- 
tion, even the high dilutions produced irregularities in rhythm (extrasystoles), 
ventricular alternations, and A-V block of various degrees; the more concentrated 
solution led to either ventricular fibrillation or a complete standstill of the heart 
for a few minutes. Alstonine HCl had a cumulative effect on the heart, for 
complete recoverj' could not be obtained even when low concentrations of the 
drug were replaced by oxygenated Ringer-Locke solution. 



Fig. 3. Acriox of Alstoxine ox the Isolated Turtle Heart 

Os-R-L designates oxj'genated Ringer-Locke solution. *4, and C are tracings of 
isolated hearts of 3 turtles. In A, the addition of 20 gamma or ;ig. of adrenalin to the 0*- 
R-L produced a transient increase in the heart rate. The substitution of 1:10,000 solution 
of alstonine HCl in Os-R-L led to slight changes in heart rate and amplitude Adrenalin 
had practically the same effect after alstonine as before In J5, a 1:1,000 solution of al- 
stonine HCl in Oj-R-L led to complete cessation of cardiac activity with a few haphazard 
beats. In C, alstonine HCl in a 1:5,000 dilution led to reduction in amplitude of the heart 
beats and irregularity in impulse initiation and conduction. 

Administration of adrenalin, before and after alstcnine (figure 3), produced 
practically the same increase in force and rate of the heart. 

Smooth muscle organs. Isolated intestinal strips from various levels of 
rats, rabbits, and guinea pigs were immersed in oxj’genated Tj-rode’s solution. 
The action of alstonine HCl on the isolated intestine vas indefinite and variable. 
In dilutions of 1:10,000 to 1:20,000, alstonine produced a progressive reduction 
in amplitude and rhythmical contractions of the isolated rabbit intestine (figure 
5). Occasionally, however, a transient, initial stimulation of intestinal activity 
was produced by alstonine. Adrenalin produced inhibition of intestinal activity 
and loss of tone before as well as after alstonine (figure 5). Alstonine HCl often 
produced inhibition of the normal as well as of the histamine-induced activity 
in the isolated strip of the guinea pig’s intestine. 




64 


K. G. ■(VAKIM AND K. K. CHEN 


The effect of alstonine on the isolated intestinal strip from the rat seemed to 
vaiy with the tone and state of activity of the strip. When the intestine was 
in a contracted state, alstonine HCl in dilutions of 1:10,000 to 1:20,000 usually 
caused relaxation with decrease in amplitude of rhytlimical contractions (figure 




Fig. 4. Action of Alstonine on the Isolated Mammalian Heart (Rabbit and Cat) 
Os-R-L designates oxygenated Ringer-Locke solution. Note the rapid deterioration 
of the heart when a concentration of 1:2,000 to 1:5,000 was used for about 1 minute only. 
A concentration of 1:10,000 caused progressive deterioration of the heart if applied for a 
longer period. 

5). IWien the strip was in a state of rela.xation, alstonine HCl had no effect 
on intestinal activity. Similar to the findings in the rabbit and guinea pig, 
adrenalin caused inhibition of activity and rela.xation of tone of the intestine 
of the rat before as well as after alstonine (figure 5). Alstonine caused prompt 
relaxation of the intestinal strip that was in a contracted state under the influence 
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of mecholyl; however, it had do effect on the heightened activity of the intestine 
induced by either potassium or barium chloride. 

The effects of alstonine on intestinal activity Avere studied in 6 trained dogs 
with exteriorized skin-covered intestinal loops, as described previous^ (6). 
Alstonine HCl was given intravenously in doses varying from 1 to 7 mg. per kg. 
Immediately after injection of the drug, the animals developed generalized, 
fine muscular twitches with slight tremor. Two of the dogs vomited upon 
administration of the large doses. Alstonine had either a verj' slight effect or 
no influence whatsoever on intestinal activity in trained dogs. The inhibitory 
effect of adrenalin on intestinal activity was the same before and after admin- 
istration of alstonine HCl. 
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Fjc. 5. Acnox of Alstoxine ox the Isolated Strip of Rabbit’s Ileum, 

Rat’s Ileum, axd of the Guinea Pig’s Uterus 

Xote the progressive reduction in the amplitude of the rhythmical contractions of the 
rabbiUs intestine and in the peristaltic action of the rat’s ileum. Alstonine stimulated 
the guinea pig’s uterus. Under the influence of alstonine, adrenalin still produced relaxa- 
tion of the rat’s ileum and of the guinea pig’s uterus.. 

Twelve observations were made on isolated uteri of G guinea pigs. The 
addition of alstonme HCl in dilutions of 1:20,000 to 1:100,000 to the isolated 
Uterus in oxygenated Tyrode’s solution caused stimulation of the uterus (figure 
5), and the height of contraction rvas roughly proportional to the dose. The 
administration of adrenalin into the bath in dilutions of 1:50,000,000 consist- 
ently caused relaxation of the uterus when it was in a contracted state under 
the influence of alstonine (figure 5). Evidently, alstonine does not abolish 
the inhibitory effect of adrenalin on the guinea pig’s uterus. 

Eight experiments were performed on the isolated uteri of 3 rats. Various 
doses of alstonine HCl up to a concentration of 1 : 10,000 produced no noticeable 
change in the uterus, nor did alstonine alter the relaxation and inhibition of 
activity produced by adrenalin. 

In the pithed dog with bilateral vagotomy, the effects of alstonine HCl on the 
broncliiolos were recorded k>TnographicaUy by the use of .Jackson’s method (7). 
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Intravenous administration of various doses of alstonine HCl produced moderate 
dilatation of the bronchioles after the administration of ergotoxine, pilocarpine, 
or histamine (figure 6). The constrictor effect of histamine on the bronchioles 
was much reduced after administration of alstonine. 

In order to determine the effects of alstonine HCl on the eye, a few drops of a 
1 per cent solution were instilled into one eye of rabbits, the fellow eye being 
used as a control. Shortlj’ after instillation, moderate conjunctival injection 
developed, and a thick yellowish secretion accumulated over the canthi. There 
was no definite change in the size of the pupil, e.xcept in one which developed 
moderate miosis. No alteration in the light reflex was observed. On the second 
day and thereafter, the e3'es appeared normal, and all conjunctival engorgement 
and irritation disappeared. After 1 week, the experiments were repeated, and 
practicallj' the same findings were obtained. 


MiVaiC.f£ 



Fig. G. Effect of Alstonine on the Bro.vchioles of a Pithed Dog 

In the upper tracing, a moderate dilator action of alstonine on the bronchioles is obtained 
after production of bronchiolar constriction by pilocarpine and by ergotoxine. Note 
that adrenalin causes a more marked bronchiolar dilatation than alstonine. 

Action on blood sugar .and urinary output. The effect of alstonine on 
blood sugar was investigated in 4 trained dogs. Three of them were each given 
5 mg. of alstonine HCl per kg. of bodj' weight, and the fourth, 10 mg. per kg. 
Repeated determinations of the blood sugar were made for periods varj'ing 
from 1 minute to 4 hours after administration of alstonine. There was no 
significant alteration in the blood sugar in any of the dogs. 

In dogs under barbiturate anesthesia, the ureters were cannulated in order to 
study the effects of alstonine on urinarj' output. Intravenous administration 
of alstonine HCl in amounts of 3 to 7 mg. per kg. was followed by a transient 
increase in urine flow, then by a prolonged reduction. It was observed that 
upon repeated administration of alstonine there was a progressive reduction in 
the amount of urine secreted until finally' a state of anuria occurred. The initial 
increase in urine formation upon administration of the drug might be due to its 
irritant effect upon the renal parenchyma. Alstonine was apparently eliminated 
in large amounts through the kidneys. No matter how small a dose of alstonine 
HCl was given, the urine of the animal promptly gave off a fluorescence which 
was most definite under ultraviolet light. 
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SUM5LARY 

1. Alstonine h}’-drochIoride has an antimalarial action against Plasmodium 
loplnirae in ducks, being approximately | as active as quinine dihydrochloride. 
It is, however, much more toxic than quinine as shown in ducklings, mice, and 
rats. 

2. Alstonine HCl loweis blood pressure of anesthetized dogs, cats, and rats, 
and reduces the response of adrenalin in raising blood pressure (adrenolytic 
action). Onl}' occasionalh' docs adrenalin reversal occur in rats, but not in 
cats and dogs. 

3. Alstonine HCl in large doses has a deleterious effect on the heart uhich 
can be demonstrated electrocardiographically in anesthetized dogs, and by 
the perfusion of the isolated rabbit’s, cat’s, and turtle’s heart. 

4. Fatal doses of alstonine HCl cause primarj- respiratorj- failure in anesthe- 
tized cats, dogs, and rats. 

5. Alstonine HCl frequently inhibits the peristaltic movements of isolated 
intestines of rats, guinea pigs, and rabbits. It contracts the isolated uterus of 
the guinea pig, and dilates the bronchioles of pithCd dogs previously constricted 
by pilocarpine or histamine. 

6. Alstonine HCl is apparently excreted in urine as judged by the presence 
of blue fluorescence u hich it uniformly imparts in aqueous solutions. 

Acknoivlcdgmeni: The authors aie indebted to Messrs. Charles L. Rose, 
Clarence E. Pouell, Edwaid E. Swanson, and L. D. Bechtol for their invaluable 
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In a previous paper (1) in this series the numerous tlieories advanced for the 
metabolism of acetanilid were reviewed and quantitative experimental demon- 
stration was given of the major metabolites of the drug appearing in the urine. 
The present paper deals with the major metabolites found in blood and plasma. 
The only previous reports on this subject are the observations of Payne (2) and 
Young and Wilson (3) of the presence of p-aminophenol in the blood of dogs after 
administration of large amounts of acetanilid. 

The determinations by these investigators were qualitative and no distinction 
was made between free and conjugated p-aminophenol. Conjugation is strongly 
suggested because of the excretion in the urine of p-aroinophenol as a sulfate or 
glycuronate (4) and as the sulfuric acid ester of N-acctyl p-aminophenol after 
administration of acetanilid to men and animals (5). 

The concentration of acetanilid, attained in the blood after its ingestion, as 
well as the rate of its disappearance, has never been studied. That virtually 
none is excreted in the urine has been shown (1, 4, 6). 

The presence of free aniline in the blood after the administration of acetanilid 
has never been demonstrated, although its presence lias been postulated b)’ Bcm- 
heim (7) based on in vitro hydrolysis in the presence of animal tissues (8). 

From present knowledge, any of the metabolites of acetanilid appearing in 
the blood might be responsible for the phaimacological and toxicological be- 
havior of acetanilid. 

For the present investigation, micro methods were developed for the accurate 
determination, in blood and plasma, of small amounts of acetanilid and aniline 
and for the differential determination of free p-aminophenol, N-acctyl p-amino- 
phenol and hydro.xy conjugates of N-acetyl p-aminophenol. In view of the 
striking differences in the metabolism of acetanilid bj' different species suggested 
by the literature (1), human subjects were used. Acetanilid was given in amounts 
corresponding to the ordinaiy therapeutic doses. The present study includes: 
(I) serial determinations of the major metabolites of acetanilid in blood and 
plasma; (2) the renal clearance of each of the metabolites; (3) the penetration 
of the red cell by each of those metabolites; and (.{) the correlation of methemo- 
globinemia with the occurrence of the various metabolites. 

Analytical methods. Aniiine and acetanilid. The specific color reaction occurring 
when aniline is diazotized and coupled with a-naphthol, previously described (1), is used 
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for this deternunation. The reaction is carried out in a 1:10 protein-free filtrate, depro- 
teinization being accomplished by tungstic acid. One to 5 cc. of filtrate are placed in a 10 
cc. glass-stoppered graduated cylinder and 1 cc- of eoncentratedHCl is added. The volume 
is made up to 6 cc. vrith distilled water. One drop of 10 per cent sodium nitrite solution is 
added and mixed, and 4 drops of a saturated solution of ammonium sulfamate are added. 
After the evolution of nitrogen has ceased, 2 drops of a 10 per cent alcohol solution of 
a-naphthol are added. The rai.xture is then made alkaline by the addition of 1 cc. of con- 
centrated XaOH and immediately cooled. The volume is made up to 8 cc. with distilled 
water. Two cc. of n-but 5 ’l alcohol are added and the color is extracted by shaking vigor- 
ously for I minute. Separation of the layers is effected by centrifugation. The subnatant 
aqueous portion is removed by aspiration and discarded. Concentrated HCl is added to 
bring the volume to exactly 3 cc. and the mixture is transferred to a micro colorimeter tube 
and centrifuged briefly, if necessarj', to precipitate any sodium chloride. The transmission 
of the color developed is read in the Evelyn colorimeter, using a filter transmitting at 565 
mg and set for 100 per cent transmission with a blank determination. 

The test-tube holder of the Evelyn colorimeter was adapted to receive the micro colorim- 
eter tube by means of a cylinder inserted into it with light slits measuring 7 mm, in width 
and 7 mm, in height. The micro colorimeter tube, which fits snugly into this cylinder, is a 
test tube 15 cm. long and having an internal diameter of 12 mm. 

The concentration of aniline, expressed as aniline hydrochloride, in the blood and plasma 
is calculated from the following equation: 


Mg. per cent = 


L 

1.016V 


in which the constant 1.016 is derived from calibration of the colorimeter with the pigment 
formed from known amounts of aniline hydrochloride in butyl alcohol-acid mixture. L is 
the photometric densit}- of the unknown (2-log of the per cent transmission). V is the cc. 
of blood or plasma represented by the volume of filtrate used in the analysis. 

The determination of acetanilid is made, as for a conjugated aniline, by preliminary 
hydrolysis and liberation of free aniline. The conjugated aniline thus determined may be 
assumed to be acetanilid in the present investigation for two reasons ; first, because the com- 
pound given in these experiments is acetanilid; and second, the amino group is known to 
become conjugated in the body only with the acetyl group. One to 5 cc. of protein-free fil- 
trate are placed in a 10 cc. glass-stoppered graduated cylinder. One cc. of concentrated 
HCl is added, the volume is made up to 6 cc. with distilled water and the mixture is heated 
for 45 minutes in a boiling water bath. It is then cooled to room temperature and the same 
procedure is followed as for aniline. The concentration of total aniline, expressed as ani- 
line hydrochloride, in the blood or plasma is calculated from the same equation as for free 
aniline. The difference between this value and that found for free aniline is taken as acet- 
anilid. 

The method described here is specific for aniline, no interference occurring from other 
derivatives of acetanilid in the concentrations found in body fluids. Analyses of blood and 
plasma containing added amounts of aniline and acetanilid varying from 0.38 to 0.87 mg. 
per cent yielded maximum errors of -1-0.03 and —0.05 mg. per cent. The estimated standard 
error of the determination was ±0.02 mg. per cent. Ko aniline or acetanilid is lost in the 
process of analysis. 

Free and total ■p-aminophenols . The color reaction occurring when p-aminophenol is 
coupled with a-naphthol in alkaline solution, previously described (1) , is used for determin- 
ing free and total p-aminophenols. The usual deproteinizing agents cannot be employed 
for obtaining filtrates of blood or plasma because unpredictable losses of p-aminophenol 
occur in the process. The method of deproteinizing described here yields reproducible 
recoveries of p-aminophenol in a 1 : 10 Citrate. To IS cc. of 2X HCl in a small flask is added 
about 0.5 g. zinc dust. Two cc. of blood or plasma are then added and mixed, followed by 
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2 g. of BaS04. Two drops of capryl alcohol are added, the mixture is shaken well and 
filtered. The color reaction of p-aminophenol with a-naphthol cannot be carried out di- 
rectly in this filtrate due to the presence of interfering substances and it is therefore neces- 
sary to extract the p-aminophenol. For this purpose, 10 cc. of fiitrate are transferred to a 
100 cc. glass-stoppered cylinder and 0.4 cc. concentrated HCl and about 200 mg. of stannous 
chloride, to prevent oxidation of the p-aminophenol in the alkaline medium, are added. 
After mixing, 40 g. of KsHPOj-SHjO are added followed by 24.5 cc. of ethylene dichloride. 
The mixture is shaken vigorously for 10 minutes in a mechanical shaker. It is then centri- 
fuged and a 20 cc. aliquot of the ethylene dichloride extract is transferred to a 50 cc. glass- 
stoppered cylinder. Seven cc. of O.IN HCl are added and the mixture shaken for 5 minutes; 
the p-aminophenol is extracted as the hydrochloride. Five cc. of the acid extract are trans- 
ferred to a 10 cc. glass-stoppered graduated cylinder. One cc. of concentrated HCl is added . 
to this, followed by 2 drops of a-naphthol solution.' One cc. of concentrated NaOH is then 
added and the resulting warm solution is allowed to stand for exactly 3 minutes for color 
development. It is then cooled, 2.6 g. of KCl are added and 2 cc. of n-butyl alcohol. The 
mixture is shaken vigorously for i minute for e.xtraction of the color b3' the butj’l alcohol 
and centrifuged briefly to separate the butyl alcohol. The subnatant aqueous solution is 
removed bj’ aspiration and discarded. One and one-half g. of anhydrous Na-SO, are added 
to the butyl alcohol extract to remove the water and the mixture is again centrifuged for 
i minute. The clear butyl alcohol extract is then poured into a micro colorimeter tube and 
the color density read with a filter transmitting at 635 m;i. The colorimeter is set at 100 
per cent transmission with a blank determination of blood or plasma. 

The concentration of free p-aminophenol, e.xpressed as the hydrochloride, is calculated 
from the equation; 

Mg. per cent = 2.70 L 

in which the value 2.70 was obtained by determinations made on blood and plasma contain- 
ing added amounts of p-aminophenol hydrochloride. L is the photometric density of the 
unknown. This method is specific for p-aminophenol, no normal constituent of blood and 
no other known derivatives of acetanilid producing an interfering color. 

In the determination of total p-aminophenol a I.’IO filtrate is prepared as for the deter- 
mination of free p-aminophenol. Ten cc. of the filtrate are transferred to a 100 cc. glass- 
stoppered cylinder, 0.4 cc. concentrated HCl and about 200 mg. of stannous chloride are 
added. Hydrolysis is then carried out by heating for 45 minutes in a boiling water bath. 
After cooling, the liberated p-arainophenol is determined by the procedure described for 
free p-aminophenol. The same equation is used for calculating the concentration of total 
p-aminophenol, expressed as p-aminophenol hydrochloride. 

Numerous determinations were made on blood and plasma containing added amounts of 
free p-aminophenol and N-acetjd p-aminophenol varying from 0.26 to 1.18 mg. per cent. 
Maximum errors of -1-0.05 and —0.04 mg. per cent were obtained. The estimated standard 
error of determination was ±0.03 rag. per cent. The amount of p-aminophenol found in the 
final O.IN HCl extract used for color development is 7S.4 per cent of that which would be 
expected from the diluting and aliquoting of the original sample. This is due to the mutual 
solubilities of the ethj-lene dichloride and the aqueous solutions and mainly to the distribu- 
tion of the p-aminophenol between these media. 

N-acctyl p-aminophenol. A 1:10 filtrate is prepared as for the determination of free 
p-aminophenol. Ten cc. of the filtrate are transferred to a 100 cc. glass-stoppered cylinder, 
200 mg. of stannous chloride, 40 g. of K-HP04-3H.0 and 24.5 cc. of ethylene dichloride are 
added; the N-acetyl p-aminophenol is extracted by 10 minutes of shaking. The mixture 


' This solution is prepared bj- allowing 1 cc. of 5 per cent alcohol solution of a-naphthol 
to react with 10 mg. of K2Crj07 and 1 cc. of 2N HCl for several minutes. Nineteen cc. of 5 
per cent alcohol solution of a-naphthol are then added to this. This preparation of preoxi- 
dized a-naphthol reacts rapidlj' and completely with p-aminophenol. 
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is then centrifuged and a 20 cc. aliquot of the ethylene dichloride extract is transferred to 
a 50 cc. glass-stoppered cylinder. Seven cc. of O.IN NaOH are added to this and the mix- 
ture shaken for 5 minutes thus reextracting the hJ-acetyl p-aminophenol as the sodium salt. 
Five cc. of the alkaline extract are transferred toalOcc. glass-stoppered graduated cylinder. 
One cc. of concentrated HCl, followed by about 75 mg. of granulated zinc, is added to this, 
the cylinder stoppered, and the mixture hydrolyzed by heating for 45 minutes in a boiling 
water bath. After cooling, the color is developed w-ith a-naphtbol and concentrated NaOH, 
extracted with butyl alcohol, and read in the colorimeter as for free p-aminophenol. 

Calculation of the concentration of K-acetyl p-aminophenol, expressed as p-aminophenol 
hydrochloride, is calculated from the following equation: 

Mg. per cent = 2.56 L 

The value 2.56 was determined from analysis of blood and plasma containing known amounts 
of N-acetyl p-aminophenol. Since free p-aminophenol is also extracted in the above 
procedure, a correction must be made for any of it present. For this, the concentration of 

2.56 

free p-aminophenol known to be present multiplied by is subtracted from the value 

obtained from the above equation. Analyses of blood and plasma containing added 
amounts of N-acetyl p-aminophenol varying from 0.26 to 1.16 mg. per cent, carried out by 
this method, yielded maximum errors of -f0.03 and —0.03 mg. per cent. The amount of 
N -acetyl p-aminophenol found in the final O.IN NaOH extract hydrolyzed and used for color 
development is 82.7 per cent of that which would be e.xpected from the dilution and aliquot- 
ing of the original sample for reasons given for the determination of total p-aminophenol. 

The specific determination of N-acetyl p-aminophenol above is possible because the 
hydroxy conjugates of p-aminophenol with sulfuric and glycuronic acids are not extracted 
by ethylene dichloride. The latter are not therefore determined directly. However, the 
sum of the free and N-acetyl p-aminophenol subtracted from the total p-aminophenol 
equals the hydroxy conjugates of p-aminophenol. 

Determinations of the various metabolites in urine, for studying the renal clearances of 
these substances, were made by methods described in the previous paper (1). 

Mcthemoglobin was determined by the colorimetric method of Evelyn and Malloy (9). 

Expekimental results. Two normal male subjects in a post-absorptive 
state were each given 0.975 g. acetanilid orally. Blood was drawn from the 
antecubital vein at 1, 2, 4 and 6 hours-, the amount of methemoblobin and the 
hematocrit value were determined and both the blood and plasma were analyzed 
for acetanilid, aniline, free p-aminophenol, total p-aminophenol and N-acetyl 
p-aminophenol. The concentrations of the hydroxy conjugates of p-amino- 
phenol were calculated. From the concentrations of acetanilid and its metabo- 
lites found in the blood and plasma and the hematocrit values, the concentrations 
• cell 

in the erythrocytes and the-; ratios were calculated. 

plasma 

In determining the urinary clearance values, the bladder rvas emptied | 
hour before and | hour after the blood sample was taken and the concentrations 
of acetanilid and its metabolites in the urine determined. 

The results obtained are sho\yn in table 1. No free aniline within the limits 
of the method of analysis used could be detected in the blood or plasma, thus 
disproving the idea that all or a large portion of the acetanilid is hydrolyzed with 
the liberation of free aniline. The exclusion of free aniline as a major metabolite 
does not exclude its occurrence in minute but possibly physiologically active 
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amounts. As will be reported in. paper 4 in this series, the use of larger blood 
samples permits, after the amount of acetanilid given here, the detection of free 
aniline to the extent of 10 to 20 micrograms per cent. 

The concentration of acetamlid in the blood and plasma was highest at the 
end of the first hour, indicating a rapid absorption of the drug. Thereafter, 
the coneentration fell rapidly. The amounts of acetanilid excreted in the urine 
were so small as to give renal clearance values of less than 1 cc. per minute. 

No free p-aminophenol was found in the blood or plasma. This fact throws 
doubt on the hypotheses of Heubner (10) and Bemheim (7) that the methemo- 
globin formed after administration of acetanilid is due to this substance. 

The concentration of conjugated p-aminophenols rose during the first hour to 
a level higher than that of acetanilid. The concentration of p-aimnophenols, 
in contrast to that of acetanilid, was maintained during the first 4 hours in spite 
of the rapid urinary elimination of p-aminophenols. These findings, together 
with the fact that acetanilid is eliminated in the urine to only a slight extent, 
indicate the rapid oxidation of acetanilid to p-aminophenols. 

The renal clearance rates for N-acetyl p-aminophenol are low, ranging in the 
experiments here from 8 to 24 cc. per minute. In contrast, those for the hydroxy 
conjugates are high, ranging from 93 to 366. As shown prerdously (1), the 
major portion of the acetanilid given is accounted for in the urine as the hydroxy 
conjugates of p-aminophenol.- 

The metabolism of acetanilid is the oxidation first to N-acetjd p-aminophenol 
which is slowly eliminated in the urine and second, the conversion of this sub- 
stance to hydroxj' conjugates which are rapidly eliminated in the urine. From 
the concentration of N-acetyl p-aminophenol and the p-aminophenol hydroxy 
conjugates developed in the blood in the first hour it would appear that the rate 
of oxidation of acetanilid to N-acetyl p-aminophenol is more rapid than that 
of the subsequent conjugation. 

cell ^ 

The -r ratios of acetanilid and of N-acetyl p-aminophenol indicate that 

plasma 

these substances readily penetrate the erythrocyte and tend to concentrate 


somewhat within the cell. In contrast, the ratio for the hydroxy conjugates was 


zero, indicating no penetration of the erythrocyte. The striking difference in 
this distribution of N-acetyl p-aminophenol and its hydroxy conjugates offers 


an opportunity to validify the determinations of hydroxy conjugated compounds 
made here by ealculation as the difference between N-acetyl p-aminophenol and 


total p-aminophenol. For this purpose acetanilid, N-acetyl p-aminophenol and 
the sulfuric acid ester of N-acetyl p-aminophenol were added to the whole blood 
and the distribution of these compounds between red cells and plasma was de- 


’ Determinations of the increased excretion of ethereal sulfates and glycuronic acid in 
the urine after administration of 0.075 g. of acetanilid showed that approximately two-thirds 
of the p-aminophcnol excreted was as the sulfuric acid ester and one-third as the glycuron- 
atc. Ethereal sulfate was determined by the method of Eolin (11) and the glycuronic acid 
hy that of Maughan, Evelyn and Dron no (12), 
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termined. The results obtained are shown in table 2. As may be seen, the 

- ratios of acetanilid and N-acetyl p-aminophenol were similar to those 

plasma 

found in vivo and that of the sulfuric acid ester was’ zero, as was also found 
in vivo. 

The concentration of methemoglobin in the blood, table 1, reached a maximum 
of approximately 6 per cent in 2 hours and diminished thereafter at a steady 
rate. The concentration of acetanilid is highest during the phase of methemo- 
globin formation but acetanilid in vitro does not produce methemoglobin. The 

TABLE 2 

Distribution between red cells and plasma of acetanilid, N-acelyl p-aminophenol and the 
sulfurie aeid ester of N-acelyl p-aminophenol added to blood in vitro 

MO. PEE CENT XN 
Blood j Plasma 


CeUs 


HEilATOCSir 


SATIO 


Acetanilid 


0.67 1 

0.59 

0.82 

33 



0.56 

0.82 

33 1 


0.35 

0.30 

0.45 

33 


0.36 

0.31 

0.45 

1 

33 1 



N-aoefcyl p-aminophenol 


0.74 


0.87 

37 

1.3 

1.27 


1.38 ' 

37 

1.1 

1.77 

■■1 

2.20 

36 

1.4 

N-acetyl p-aminophenol sulfuric acid ester 



0.00 

34 




0.01 

36 


0.84 


0.00 

39 


0.47 


0.00 

39 

1 0.0 


presence of a high concentration of p-aminophenols during the period of disap- 
pearance of methemoglobin suggests that the pigment does not result from these 
metabolites. Their possible role in methemoglobin formation, and also that of 
metabolites appearing in small amounts, will be dealt with in the third and fourth 
papers in this series. 


SUM.UARY 

1. In man, the major metabolites of acetanilid appearing in the blood and 
plasma are N-acetyl p-aminophenol and its hydrexj"^ conjugates. 

2. The renal clearance of acetanilid is insignificant; that of N-acetyl p-amino- 
phenol in two subjects ranged from 8 to 24 cc. per minute ; and that of the hydro.xy 
conjugates from 93 to 366 cc. per minute, averaging 174 cc. per minute in one 
subject and 273 cc. per minute in the other. 
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3. The major metabolism of acetanilid is its oxidation first to N-acetyl p- 
aminophenol with slow urinarj' elimination of this substance and the conversion 
to hydroxy conjugates with rapid elimination. 

4. Free aniline and free p-aminophenol were not found as major metabolites. 

5. Acetanilid and N-acetj'l p-aminophenol penetrate the erj’throcj'tes and 
tend somewhat to concentrate within them. The hydroxy conjugates do not 
penetrate the erj’throcytes. 

C. The methemoglobinemia occurring after acetanilid does not appear to be 
due to acetanilid or its major metabolites present in the blood. 
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The toxic actions of the fluoroacetate ion are apparent chieflj' in the behaHor 
of the heart and central nervous system (1, 2, 3). Death may result from 1, 
ventricular fibrillation as the result of progressively more severe cardiac arrhy- 
niias or 2, respiratory depression following repeated convulsive episodes, de- 
pen ing argelj' upon the species studied. The dose of fluoroacetate required to 
pro lice t lese lesponses, as well as their relative importance, varies markedly 
e i\ een species (2). Two species, the dog and the guinea pig, are characterized 
in le intact animal by the complete predominance of the central nervous sj'stem 
efieets oyer the cardiac effects of fluoroacetate, while in a number of species the 
pattern is reversed. 

In a preliminarj’ account from this laboratory of the pharmacological actions 
of the fluoroacetate ion (1) it was stated that the spike and dome formations 
characteristic of pchl mal are present in electroencephalograms obtained from 
dogs poisoned with fluoroacetate. Although similar disrhvthmias can be found 
m the electroencephalogram of the cat and monkey during fluoroacetate poison- 
ing, considerations presented previously (2, 3) dictated the use of the dog for the 
majority of the further studies of this phenomenon. 

Expebimektal. a . Behavior of dogs poisoned loithfluoroacclate. Dogs given 
as little as fifty micrograms of either sodium or methyl fluoroacetate per kilo- 
grani of body weight by any route develop convulsions after a period of about 
no hours during which the animal remains perfectly normal. Central excitation 
is rs mam este J barking, snapping and a general behavior pat- 

tern suggestive of frightening hallucinations. Aimless running is followed by 
falling and, at the lower dose ranges, clonic convulsions ensue nithin three min- 
u es o e rs e\i ence of excitement. In general, periods of clonic seizures 
Bdiich consist of sudden violent jerks of all four limbs at a rate centering about 
three per second alternate with brief tonic phases or periods of near normalcy 
uring \\ uc animal may stand. Smaller doses were not adminis- 

ere . argei oses (0.5 mgm./kgm.) produce running movements rather than 
^r onic actiut> is more marked and periods of normalcj’’ do not appear. 
Death is invariably the result of respiratory depression under these circum- 
stances. 
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Three dogs which liad had segments of the spinal cord 2 centimeters in length 
aseptically removed from the lumbo-dorsal region 10 days prior to the experi- 
ments Mere injected intravenously nith 0.1 mgm./kgm. of sodium fluoroacetate. 
Convulsions of the segments posterior to the transection level developed about 
one hour after convulsive acthdtj^ nas obsen^ed anterior to the level of tran- 
section. Death followed fifteen minutes later. In 2 normal dogs intrathecal 
injection through the L 3 -L 4 interspace of 0 5 mgm./kgm. of sodium fluoro- 
acetate produced a t 3 'pical fluoroacetate commlsion of the hindquarters following 
a latent period of about thirtj' minutes. Apprehension uas the only change 
noted attributable to an action on the segments anterior to this region for an- 
other thirtj' minutes but during the next hour the course became similar to that 
follmring an intravenous injection of such a dose. It is thus evident that fluoro- 
acetate exerts a broad and powerful action upon the central nervous sj'stem. 
The character of the changes produced in the electroencephalogram is described 
below. 

B. Eleclroencephalographc studies. 

Method Suitable leads ere placed m the calvarium under local anesthesia (4) The 
sheletal muscles v ere insulated from nervous hyperactivitj by curare (“Infocostrin”) and 
positive pressure respiration commenced. The cortical potentials nere recorded with a 
four-channel ink-writing electroencephalograph Monopolar leads against the right ear 
as reference point were customarily employed, usually n ith push pul! input to the ampli- 
fiers Continuous recordings u ere made in each experiment 

2. Results, a. Intraicnous injection. In all, 8 dogs vere followed in this 
fashion during the course of poisoning produced bj' intravenous injections of 
0 05 to 1 0 mgm /kgm. of either sodium or methyl fluoroacetate. During all of 
the experiments there were penods of electrical activitj' which resembled those 
obtained during clinical grand mal seizures and, similarlj’, began m a definite 
area of the cortex under one or tw o electrodes and subsequent^ spread to other 
areas (see figure 1) In general, the area most markedlj’ involved w as the parie- 
tal region of the cerebral cortex The frontal and occipital regions w ere involved 
slightly or not at all while the cerebellum never evinced anj' abnormalities. 
Following episodes of the grand mal tj'pe, which lasted from a few seconds to 
manj' minutes, there were penods of widely' vmnable length during which low 
V'oltagc slow waves ( 1-2 per second) dominated the electroencephalogram. 

At some time dunng the course of the poisoning m G of the 8 dogs of this 
scries there developed penods in which a spike and dome pattern could be de- 
tected. In at least four of these ammals there vvas a definite ie=emblance of 
these dysrhythraic w aves to those of chnical petit mal (5) It w as soon apparent 
that spike and dome w aves appeared at vanous times during the course of poison- 
ing; occasionally shortly before the occurrence of grand mal types of activity', 
but more often aftei cessation of a bout of such activity 

Although it has been emphasized the fluoroacetate poisoned dogs ordinarily 
do not manifest the extreme cardiac abnormalities that many other species do 
(2, 3), under curare and artificial respiration death from respiratory failure can 
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not occur. Thus, the cardiac effects of fluoroacetate have time to develop and 
the circulation becomes so poor as to render the cortex electrically inactive. 
Because of this another tj^pe of experiment was performed. 

b. Intracranial injection. Injections of 41 per cent to 250 per cent of the LDja 
were made through a burr-hole in the temporo-parietal region of the skull. The 
volume of the physiological saline solutions of fluoroacetate ranged from 0.02 
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Fig. 1. Dog #5. Sodium fluoroacetate (0.5 ragm./kgm.) was injected intravenously. 
The onset of a typical grand mat electrical seizure 3 hours and 17 minutes later is shown in 
the continuous tracings “A” and “B”. In repeated episodes the area under the second lead 
near the cruciate fissure always developed such activity in advance of the others, while the 
most anterior and posterior leads seldom partook. The same localization is seen in "C” 
during a protracted run of 3 per second high voltage activity with abortive spike formation 
4 hours and 22 minutes after the injection. 


cc. to 0.40 cc. The procedure of producing a burr-hole and the subsequent in- 
jection of similar volumes of physiological saline induced no changes in the elec- 
troencephalogram when fluoroacetate was not present. At the end of the ex- 
periment the brain, including the medulla, tvas weighed and the dose of fluoro- 
acetate calculated in micrograms per gram of brain. Cardiac changes were noted 
only when the largest doses were injected into a lateral ventricle. 

Sixteen experiments were performed in this manner using doses ranging from 
3.5 to 29.0 micrograms per gram of brain. Both male and female dogs were used 
ranging in age through 4, 6, 8, and 10 months old puppies to very old animals 
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and in weight from 5.7 to 25-9 kilograms. Xo difference in response to the water 
soluble sodium salt or the highly lipoid soluble methyl ester was noted, nor did 
it appear to be of significance whether the injections were made directly into the 
cortical substance or into a lateral ventricle. Xo correlation was observed 
between any of these factors and the production of the petit mol type of electrical 
activity. Although the frequency of occurrence and the persistence of the 
grand mal type of activity increased generally with the dose of fluoroacetate, no 
such relationship appeared for the occurrence or persistence of the petit mal 
activity. 

Of the sixteen animals examined after intracranial administration of fluoro- 
acetate, 14 at some time manifested varying degrees of spike and dome activity 
(see figure 2), The two animals which failed to exhibit such activity never-the- 
less ran typical courses of a grand mal character. Those animals which were 
followed over manj' hours and which did not develop significant cardiac changes 
ultimately manifested normal electroencephalograms. 

Where the area of poisoning was discrete, such as was the case following in- 
jection of small doses into the cortical substance, although both grand and 
petit mal activity were present in leads from that region, involvement of other 
regions spread slowly. With larger doses of fluoroacetate or its injection into a 
ventricle cortical involvement spread rapidly to include both cerebral hemis- 
pheres but never the cerebellum. 

It was noted that the amplitude of the abnormal waves seen during fluoro- 
acetate poisoning occasionally reached extremely high levels. A run of 2000 mic- 
rovolt, 3 per second waves associated with a lower voltage spike is shown in 
figure 3. Frequently an episode of grand mal type of activity showed a definite 
spike and dome character, seen particularly well when the recording paper was 
run at a higher speed. Such records are shown in the lower half of figure 3. 

When animals were in a state of partial curarization simultaneously nith the 
occurrence of a spike and dome pattern in the electroencephalogram it was 
noted that the spike was associated with twitching of all four limbs. When more 
curare was administered the muscular twitch ceased, but the spike and dome pat- 
tern continued. This is analogous to the observations of Gibbs, Davies and Len- 
nox that the spike potentials in petit mal are usually associated ndth clonic move- 
ments (6). 

Barbiturates such as sodium pentothal (5.0 mgm./kgm.) or sodium pento- 
barbital (20 mgm./kgm.) given intravenously immediately depressed or com- 
pletely obliterated both the petit mal and grand mal type of actmty, the former 
type more than the latter. Trimethadione was not adequately evaluated al- 
though the impression was gained that it was at least as effective as the barbitu- 
rates. 

c. Convulsive action in rabbits. A number of species has been described (2) 
which do not develop convmlsions following the administration of fluoroacetate. 
Following the demonstration of the effectiveness of intracerebral injection of 
fluoroacetate in the dog the procedure was essayed with rabbits, as convenient 
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representatives of the group of non-convulsing species. Nine animals received 
doses of sodium fluoroacetate of either 0.10 (2 rabbits) or 0.20 mgm./kgm. (7 
rabbits) (40 and 80 per cent of the intravenous LDso) through a burr-hole in the 
skull placed under procaine anesthesia. All developed convmlsions similar in 
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Fig. 2. Four examples arc given of spike and dome formation following intracerebral 
injection of fluoroacetate at the site marked with arrow. Animal 9 received 13.2 micro- 
grams per gram of brain 47 minutes prior to the tracing shown, 11 received 3.5 micrograms 
per gram of brain 41 minutes previously, 12 received 17 3 micrograms per gram of brain 58 
minutes previously and 24, 11 1 micrograms per gram of brain 73 minutes previously. The 
fourth channel (not shown) recorded the electrocardiograms of animals 9, 11, and 12, which 
at these times were normal. Thesecond channel of dogF^ahousan unusual inversion of the 
complex. When inverted this is a « ell developed, conventional spike and dome formation. 


nature to those described for the dog. Eight died, all of respiratoiy depression. 
Three control rabbits injected with equivalent volumes of saline and two con- 
trols injected with 2.0 mgm./kgm. of sodium acetate remained normal for three 
days. One rabbit during the present study received 50.0 mgm./kgm. of sodium 
fluoracetate intravenously, djing of ventricular fibrillation without any ex'idence 
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of excitation thus extending earlier observations (2). It is apparent that rabbit 
brain, per se, is sensitive to fluoroacetate although this is not seen after intraven- 
ous injection. 

Discussion'. The obsen'ation that convulsions produced by drugs acting on 
the central nervous sj'stem are associated with cortical potentials resembling 
those obtained during grand vial seizures is not unusual. However, the pro- 
duction of electroencephalographic tracings containing the spike and dome pat- 
tern considered characteristic of clinical pefii mal is of interest. As the tracings 
obtained during fluoroacetate poisoning in the dog appear to differ in some re- 
spects from the classical picture presented in the Gibbs’ “Atlas of Electroence- 
phalography,” it was desirable to compare them ndth actual records obtained 



FiO. 3. Upper iractng. Dog jSS. Obtained 3 hours after the intravenous injection of 
0-8 mgm./kgm. of methyl fluoroacetate. Note the very high voltage slow waves despite the 
administration of dilantin (SO mgm./kgm.) by mouth on each of the 6 preceding days. 

IjOWr tracing. Dog fiSS (15 roicrograms per gram of brain) . Note the clear-cut spike 
and dome formations during a grand mal type of episode, brought out more clearly byin- 
creasing the recording speed. 

from patients definitely manifesting clinical pciil mal. The courtesy of the Elec- 
troencephalography Laboratory of the Johns Hopkins Hospital made this pos- 
sible and it was found that in many' instances the experimental tracings bore a 
closer resemblance to the classical form than did those obtained from actual 
pclit tuqI cases. 

There is at present no information which would permit the predication of a 
relationship between the cerebral dysrhythmias induced by fluoroacetate and 
those observed in pefil mal. While such work as has been published to date (7) 
suggests that fluoroacetate inhibits one or more of the steps in the aerobic break- 
down of glucose, these studies do not specifically relate to brain metabolism. 
Further studies along these lines should be facilitated by the knowledge that 
rabbit brain, per sc, is quite sensitive to the actions of fluoroacetate. 

SUMMARY 

1. Spike and dome waves of high voltage occurring at a 3 per second rate have 
fiecn produced in the EEG of curarized dogs by the administration of fluoro- 
acctic acid. 
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2. Six of 8 dogs receiving intravenous injections of 0.05 to 1.0 mgm./kgm. 
of fluoroacetate (sodium salt or methyl ester) developed cerebral dj'srhythmias 
strongly resembling clinical grand mal and pclil mal seizures. 

3. Fourteen of 16 dogs receiving intracranial injections of fluoroacetate (so- 
dium salt or methyl ester) of 41 to 250 per cent of the LDso developed similar 
dysrhythmias. 

4. No definite relation was found between the use or dosage of water or lipoid 
soluble fluoroacetates; the sex, age or size of the dog and the occurrence of the 
petit mal type dysrhj'thmias. The grarid mal seizures were produced more fre- 
quently with larger doses. 

5. Rabbits, a species which can not be convulsed bj' the intravenous adminis- 
tration of fluoroacetates in anj' dosage, con\mlse when very small doses (40 and 
80 per cent of the intravenous LDso) are injected intracranially. 

\ 
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ADDENDUM 

While this report was in press a communication, “Convulsive activity induced 
by fluoroacetate,” by A. A. Ward appeared in the Journal of Neurophysiology, 
26: 105, 1947. Following administration of large intravenous doses of sodium 
fluoroacetate (2 mgm./kgm.) to cats and dogs electrical activity was enhanced, 
particularly in subcortical areas. 



THE ANTIHISTAMINE ACTION OF N-(2-PYRIDYL)-N-(2-THENYL)- 
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Since Ungar, Parrot, and Bovet (1), and Bovet and Staub (2) demonstrated 
the antihistamine effects of certain sj'nthetic compounds more organic chemicals 
have been shoivn to have a similar action (3-12). In this countrj', the therapeu- 
tic value of benadiyl and pyribenzamine has been established in the treatment 
of allergic diseases, as recently reviewed (13-14). 

In the series of compounds which ne investigated, N-(2-pyridyl)-N-(2-thenyl)- 
N',N'-dimethylethylenediamine hydrochloride (formula shown below) has such 
a high antihistamine potency that we feel our results merit reporting at this 
time. For sake of brevity, serial number 01013 will be employed to designate 

VCHi -N.CH, .CH2-N(CH3)2 -HCl 

U A 



this compound. Chemically, it has a resemblance to pyribenzamine, differing 
from it by a thiophene ring in place of benzene. The sample used in the in- 
vestigation was supplied through the courtesy of Dr. L. P- Kyrides, Monsanto 
Chemical Company, St. Louis, Missouri. Compound 01013 is a colorless, 
crj'stalline powder, melting at 159° to 161°C. (corrected), soluble in water, and 
bitter to taste. 

Isolated Guinea Pig's Inteslines. When tested on isolated guinea pig’s small 
intestines, usually the ileum, immersed in Tyrodc’s solution, 01013 in the amount 
of 0.0025 to 0.01 pg. per cc. of the bath would cause a definite relaxation of a 
histamine-induced muscle spasm. .All the intestinal movements were recorded 
on a smoked drum. If a constant dose of histamine (calculated as the free base), 
namely, 0.5 pg. per cc. of the bath, was allowed to act on the intestinal strip for 
3 minutes, the extent of relaxation following 01013 at the end of 2 minutes was 
proportional to the dose of the antihistamine agent — within certain ranges. It 
was also possible to compare directly the antihistamine action of other com- 
pounds, by finding doses which produced equal amounts of relaxation. In order 
to make the method quantitative, the time of action must be accurately ob- 
served — 3 minutes with histamine and 2 minutes with the histamine antagonist. 

The results of 9 assays on the isolated guinea pig’s intestines showed that 01013 
was on the average 4.9 times as active as benadiyl, but O.S, as active as pyrihen- 
zaminc, weight for weight. 
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The action of 01013 seems specifically antagonistic to histamine. It is not a 
general spasmotytic agent, since it contracted the isolated virgin rabbit’s uterus 
in concentrations of 1 :50,000 to 1 :20,000. Nor does it have a definite atropine- 
like action, because it did not dilate the rabbit’s pupil when a 1% solution of 
01013 was instilled in the eye, and it did not reduce the submaxillarj" secretion 
of the anesthetized dog, induced by intravenous injection of pilocarpine hj'dro- 
chloride. Although 01013 slightly antagonized the effect of mecholyl on the 
isolated guinea pig’s small intestines, its activity would certainl}' be less than 
1/200 that of atropine sulfate. 

Guinea Pig in Histamine Atmosphere. The antihistamine action of 01013 was 
further proved and evaluated in intact guinea pigs. The technique was es- 
sentially that of Kallos and Pagel (15). Briefly, the guinea pigs were placed in a 
desiccator, one at a time, through which an atmosphere containing atomized 
histamine solution was continuously passed. The concentration of histamine 
in the form of acid phosphate was 0.187 pg. per liter of air, and the rate of flow of 
histamine vapor was approximately 9 liters per minute. An untreated guinea 
pig in this atmosphere usually developed restlessness, dyspnea, and convulsions 
in 1 to 34 minutes. If 01013 were injected subcutaneously prior to exposure to 
histamine vapor, the pig could be protected from the toxic action of histamine; 
the larger the dose of 01013, the longer the protection. If the animal failed to 
develop commlsions within 5 minutes, it was considered to be protected. By 
exposing treated guinea pigs to the histamine atmosphere 1 hour after injection 
of various doses of 01013, subcutaneously, the median protective dose (the 
amount necessary to protect 50% of the animals) could be determined. For 
e.xample, in an experiment carried out with the same colony of guinea pigs, the 
doses of 01013 per kg. of body weight protecting the number of pigs out of the 
number injected were as follows; 1 mg., 12/12; 0.5 mg., 10/12; 0.275 mg., 8/12; 
0.14 mg., 5/12; 0.07 mg., 4/12; and 0.0305 mg., 1/12. The computed median 
protective dose db standard error (PDso ± S.E.) by the Bliss method (16) 
was therefore 0.152 ± 0.023 mg. per kg. By the same method, the PDso ± 
S.E. of benadrjd was found to be 1.27 ± 0.36 mg. per kg.; and that of pyriben- 
zamine, 0.059 ± 0.015 mg. per kg. 

Action on Blood Pressure. In anesthetized cats, 01013 reduced the response of 
blood pressure to histamine, both administered intravenously, although a large 
dose (10 rag.) of the former alone caused a sharp fall of blood pressure with slow 
recovery. Tlie antagonism is illustrated in figure 1, where the threshold dose 
of histamine rvas raised at least eightfold following the injection of 01013. The 
inhibition of histamine action on blood pressure was also observed by the oral 
administration of 01013; a dose of 15 mg. per kg. completely abolished the de- 
pressor effects of 0.5 pg. of histamine. 

The pressor action of epinephrine, on the other hand, appears to be augmented 
by 01013. In figure 2, it can be noted that a greater rise of blood pressure oc- 
curred with the same dose (10 pg.) of epinephrine after 01013 in the dose of 1 
mg. per kg., also given b 3 ’ vein. In the same experiment, the h.vpotensive effect 
of 1 pg. of histamine was obvioush' nullified. The potentiation of action of 
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epinephrine by benadryl and pyribenzamine has been respectively reported 
(17-18). 

Toxidly. The acute toxicity of 01013 was determined in starved albino mice. 
By intravenous injection, the doses of 01013 per kg. of body weight killing the 
number of mice out of the total number injected were as follows: 16 mg., 1/10; 
18 mg., 8/20; 20 mg., 11/20; and 22.5 mg., 14/20. By mouth, the doses killing 
the number of mice out of the total number used were as follows: 100 mg., 
0/5; 150 mg., 3/10; 200 mg., 6/10; 250 mg., 9/10; and 400 mg., 10/10. The 
median lethal dose (LDso ± S.E.) in mice by vein is therefore 19.85 ± 0.69, 
and by mouth, 182.2 ± 12.8, mg. per kg. For comparative purposes, benadrjd 
and pyribenzamine were injected intravenously to mice, the LDso of the former 
being 29.70 ± 1.67, and that of the latter, 18.26 ± 0.60, mg. per kg. It is clear 
that benadryl is the least toxic of the three. 

Ten mice were given 20'mg.-per-kg. doses of 01013, daily, for 4 weeks. Two 
mice died of mechanical injury. The 8 sundving animals gained weight, and 
upon sacrifice showed no pathologic lesions, grossly or microscopically. There 
is little doubt, therefore, that the drug in this dose can be tolerated by mice for 
a long period of time. 

In Man. Seven subjects volunteered to take 01013 by mouth in doses varying 
from 10 to 50 mg. The drug was dispensed in capsules. One of the individuals 
experienced a “light feeling," and another e.xpressed, “stomach irritated," 
both with a dose of 30 mg. All other persons, including 4 ingesting 50 mg. each, 
were entirely free from any form of reaction. 

During the fall of 1946, Dr. M. H. Mothersill, of our medical division, admin- 
istered 01013 to a group of 29 hay fever sufferers — caused by ragweed pollen. 
A dose of 25 mg. per os, repeated once or twice a daj', alleviated coryza, epiphora, 
and sneezing in the majority of cases. These suggestive results ndth 01013 
warrant a further clinical trial. 


SUMAIABY 

1. N-(2-Pyridyl)-N-(2-thenyl)-N',N'-dimethylethylenediamine HCI, desig- 
nated as 01013, has a potent antihistamine action as proved by its inhibition of 
histamine effect on the isolated guinea pig’s small intestines, the intact guinea 
pig placed in a histamine atmosphere, and the blood pressure of anesthetized cats. 

2. The compound augments the pressor action of epinephrine. 

3. Its toxicity in mice has been determined. 

4. There is evidence that 01013 given by mouth may be efficacious in the treat- 
ment of hay fever. 

Grateful acknowledgment is made to Dr. Paul N. Harris and Mr. Robert C. 
Anderson for their invaluable assistance in connection with the to.xicity studies. 
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ANESTHESIA 

XXVIII. The Anesthetic Action of Ethyl '\''i.nyl Etheh 


JOHN C. ICRANTZ, JR., C. JELLEFF CARR, RUTH D. MUSSER 
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At the suggestion of Leake (1) divinyl o.vide was prepared by Major and Ruigli 
(2) and studied by the former investigators as an anesthetic agent. The use- 
fulness of the compound for anesthesias of short duration has been established. 
Divinyl oxide has been refereed to frequently as the hybrid molecule between 
ethyl ether and ethjdene. It occurred to us that eth 3 'l vinjd ether represents 
more completely a cross between the two anesthetic molecules than does divinyl 
oxide. The relationship of these compounds to ether and ethjdene is apparent 
from the following formulas: 


C=H5\ 

CsHj/ 

Ethyl Ether 


H— C=C— H 

I I 

H H 
Ethjdene 


H H 

C=C~0— C=C 

II II 

H H H H 
Divinjd O.xide 


H 

I 

CcHe— 0— c=c 

H H 


Ethjd llnyl Ether 


Leake (1) obtained a small sample of ethyl vinjd ether from Prof. S. Fraenkel 
of Vienna in 1930. In studies on 4 mice, Leake reported the compound to e.x- 
hibit more potent anesthetic properties than ethjd ether, although he found it 
to have an oil/water coefficient of 0.5 ± 0.1 . Shostakovskii (3) found the agent 
to exhibit anesthetic properties in frogs but to be less potent than ether. 

It was our opinion that it would be interesting to submit tliis compound to 
complete anesthetic studies on several species of animals as we have studied 
previously cjqireth (4) and other hybrid ethers. 

Ethyl vinyl ether is a volatile, colorless liquid with an odor wliich resembles 
that of di%dnjd oxide: the boiling point is 35.8°C. and the specific gravitj' 0.755 
at 20‘’C. 

Anesthesia in the monhey. Two large Macacus rhestts monkeys were anes- 
thetized with ethjd vinjd ether using a closed circuit -ndth oxj'gen. The technic 
is described in our former studies (5). The induction period was much more 
rapid than with ethjd ether, indicating a greater potenejL Surgical anesthesia 
was uneventful; breathing was stertorous, deep and regular. Recovery from 
the anesthesia was prompt ; far more rapid than with ethjd ether. The quantities 
of the agent emploj'ed were approximatelj’ one-half those used to produce similar 
anesthetic sj'ndromes with ethjd ether. 

Anesthetic index (dog). The dogs employed were fed a diet of “Purina Chow” 


* The e.vpense of this investigation was defrayed in part by a grant from the Ohio Chem- 
ical & Mfg. Co., New York, N. Y. 
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one week prior to the experiment and fasted 12 hours immediately before anes- 
thetizing. The procedure was identical with that employed in our cyprome 
ether studies (6). The number of cubic centimeters of the agent per kilogram 
required to produce surgical anesthesia was divided into the volume required 
to produce respiratory' arrest. The quotient w'as designated as the anesthetic 
index. The results are summarized in table 1. 

The data in table 1 indicate that ethjd vinyl ether has a wide margin of safety. 
The mean difference between the induction dose and the quantity required to 
produce respiratory failure is 1.1 cc. This value is appro.vimately the same for 
ethyl ether, n-propyl methjd ether and ethyl vinyl ether. With divinyl ether 
0.3 cc./Kg. was required to produce anesthesia, with ethyl vinyl ether 0.56 
cc./Kg. and with diethyl ether 1.1 cc/Kg. These data demonstrate the in- 
creased anesthetic potency conferred on the molecule by uusaturation. 

Blood pressure studies (dog). The effect of ethyl vinyl ether on the blood 
pressure was determined bj' anesthetizing the animal with ethyl ether. The 


TABLE 1 


, DOG WmSEJl 

SEX 

WEIGHT 

INDUCTION 

sestisatorv 

: 1 

AKESTHETIC 

INDEX 



A-|. 

ec./liS- 

cr./Kg. 


1 

P 

6.0 

0.58 

}.58 

2.72 

2 

F 

5.6 

0.63 

1.70 

2.72 

3 

M 

11.2 

0.54 

J.92 

3.56 

4 

F 

9.0 

0.44 

1.66 

3.77 

5 

F 

6.0 

0.50 

1.17 

2.34 

6 

F 

8,0 

0.56 

1.38 

2.46 

7 

F 

8.0 

0.63 

1.63 

2.59 

s 

n 

7.5 

0.60 

1.93 

3.22 

9 

F 

5.5 

0.55 

2.09 

3.80 

10 

p 

7,5 

0.53 

1.47 

2,77 

Alcan 

0.56 

1.66 

3.00 


blood pressure was determined in the usual manner by cannulating the carotid 
arterj'. The ethyl ether was removed and ethyl vinyl ether used as a substitute 
anesthetic agent. The respiratory tracings were made by means of a chest rub- 
ber tambour. The ancsthe.sia was deepened to the point of respiratoiy' collapse. 
The animal was then allowed to recover. The e.xperiment was carried out on 
four animals and a typical tracing is shown in figure 1 , 

Electrocardiographic studies (dog and monkey). Two monkc 3 ’s and two dogs 
under various planes of surgical anesthesia were cardioscopod. Xo significant 
abnormalities were obseiwed. After surgical anesthesia of 20 minutes’ duration, 
permanent tracings of the E. C. G. wore made on each animal under surgical 
anesthesia with ethyl vinyl ether. A typical tracing, Lead II, i.s shown in figure 
2 of the monke.v before and undci' surgical anesthesia. 

Ej[fcct on the perfused heart (freg). Ethjd vinyl ether was dissolved in Howell- 
Ringcr’s solution and perfused through the frog’s heart in situ. Solutions con- 
taining 25 mg- l>er cent depressed the rote and amplitude of beat of the heart. 
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Solutions containing 60 mg. per cent produced cardiac stoppage. The cardiac 
toxicity is comparable to that of divinyl oxide but more to.xic than eth}'] ether. 
A tjTJical tracing from one of three animals is shown in figure 3. 



Fig. 1. Blood Pressure of Dog U.nder Ethvl Vinyl Ether Anesthesia. The 
Upper Tracing is Uespiratios. Ti.mb Markings are 5 Seconds 

1. Ethyl ether anesthesia. 

2. Ethyl vinyl ether anesthesia early stage. 

3. Ethyl vinyl ether anesthesia after 3J minutes (deep surgical). 

4. Threatened respiratory arrest under ethyl vinyl ether anesthesia. 

5. Five minutes after removal of anesthetic cone. 

Liver function tests imonhey ond dog). Two dogs and two monkeys were sub- 
jected to the bromsiilfalein liver function test as set forth in our studies with 
cyprethylene ether (6). The dj'e e.xcretion period was 30 minutes. Twenty- 
four hours after GO-minute anesthesia with ethyl vinyl ether, the dye excreted 
was not significantly different from the preanesthetic rate. 

The dogs used in the histologic studies of the liver were subjected to a serum 
amylase determination prior to anesthesia. Before the animals were sacrificed 
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liG. 3. EvttcT ot Ltiul Vin\l LriiKn os thk Fuog^s Heart 
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Blood chemistry studies (motihcy and dog). Two dogs and two monkeys were 
anesthetized Avith ethyl Adnyl ether for 60 minutes. Pn'or to anesthesia and 24 
hours later, blood samples were drawn for analysis. The carbon dioxide com- 
bining capacity and blood urea concentration Avere not significantly altered by 
this anesthetic experiment in either species. 

Delayed anesthetic deaths (rats). TrA-enty adult rats Avere anesthetized Avith 
®thyl vinj'l ether to the surgical IcA'el and maintained in this state for 30 minutes. 
Four animals Avere sacrificed at the end of 2 AAceks; no significant findings Avere 
observed in the liA'er or kidneys. At the end of 3 Aveeks one of the animals had 
died. The others appeared to be in a healthj' condition. 

Histologic studies of viscera (rat, dog and tnonkey). Four of the rats used in the 
delayed anesthetic death studies AA-ere sacrificed and their liA-er and kidneys AAere 
found to be free of significant changes. Three dogs AAere anesthetized for 60 
minutes each on 3 alternate days. On the fifth daj' after the first anesthesia, 
liver biopsies Avere performed. There Avere no significant histological changes 
obsarA'cd. 

Taa’o Macacus rhesus monkeys AA-ere subjected to the procedure of repeated 
anesthesias as applied to the dog. The findings Avere similar. 

Electroenccphalographic studies (dog). One animal Avas anesthetized sur- 
gically AA-ith ethyl ether and electroencephalograms AA-ere made from A'arious brain 
areas. The animal AA-as alloAvcd to aAA-aken and the procedure AA-as repeated using 
ethyl vinj'l ether as the anesthetic. Xo significant difference could be obserA-ed 
betAveen the electroencephalograms of this animal under the tAA-o different an- 
esthetic agents. 

Clotting time and hemolysis (monkey and dog). The clotting time of blood Avas 
determined in tAVO normal monkej's by the capillarj- tube method. The clotting 
time Avas approximately 1 nAinute. In each animal under anesthesia Avith ethj-1 
A'inyl ether the clotting time of blood incivascd 10 to 15 per cent. 

Volumes of 10 cc. of ethyl vinyl ether in A'arj-ing concentrations in normal salt 
solution to AA-hich AA-as added 0.1 cc. defibrinated dog’s blood AACi-e maintained 
at 25°C. Ten milligrams per cent, 25 mg. per cent and 50 mg. per cent solutions 
produced no hemolysis OA’er a 24-hour period of obsen-ation. During this period 
a satiu-ated solution of ethj-l A-inj'l ether in normal salt solution produced hcmolj’- 
sis and methemoglobin. 

Preanesthelic medication (dog and monkey). In menkej's and dogs, inducing 
ethj'l vinyl ether anesthesia AA-ith nitrous oxide or cj’clopropane-o.xj-gen mixtures 
AA-as uncA'pntful. Preanesthetic medication AAith pentobarbital sodium or mor- 
phine-atropine AA-as found to be compatible AAith ethj’l A’inj'l ether anesthesia. 
Eight oxiwriments AAere conducted on tAA-o monkcA-s and four dogs. 

Physical properties. Solubility in voter. A 5 cc. volume of ethj'I A-inj'l ether 
AA-as agitated A’igorouslj' AAith 100 cc. of AA-ater for 30 minutes at 23°C. in a “Cas- 
sia Flask.” The liquids AA-ere alloAA-ed to separate for 12 hours and the A-oIunie of 
supernatant ether measured. In four experiments the solubilitj- Avas found to be 
O.S cc. ± 0.05 pel- 100 cc. of AA-at»r. 
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Oil! water coefficient. The oil/water coelEcient was calculated from the data of 
Carr et al. (7) on the relationship between water insolubility and oil/water 
coefficient. The value for ethyl vinyl ether is 45 ± 5. 

Inflammahilily range. Ethyl vinyl ether is isomeric vith cyprome ether (5) 
and will therefore have the same inflammability range. This is appro.ximately 
2.5 per cent for air or oxj’gen (8). 

Fapor pressure. The vapor pressure of ethyl vinyl ether determined at 22°C. 
in a nitrometer is 485 mm.; that of ethyl ether at the same temperature is 471 
mm. (9). 


SmatARY AND CONCLUSIONS 

1. Ethyl vinyl ether, the hybrid molecule between ethyl ether and ethylene, is 
a volatile liquid exhibiting anesthetic properties when administered by inhalation 
to various species of animals. 

2. The potency of ethyl vinyl ether is approximately twice that of ethyl ether. 
It is not as potent as divinyl oxide, but requires 1.7 cc./Kg. to produce respir- 
atory arrest in the dog, whereas this value for divinyl o.xide is 0.8 cc./Kg. The 
comparative study of the potency of these three ethers confirms the pharma- 
cologic dictum that potency increases with the degree of unsaturation. 

3. In the dog, ethyl vinyl ether anesthesia produces no functional liver damage 
as shown by the bromsulfalein and serum amylase tests. In these e.xperiments 
in the rat, dog and monkey anesthesias nith ethyl vinyl ether produced no 
histopatholo^cal changes in the liver and kidneys. 

4. Neither the monkey’s nor the dog’s heart showed any significant electro- 
cardiographic changes under anesthesia with ethyl vinyl ether. 

5. The blood pressure of the dog remains essentially unchanged under an- 
esthesia with ethyl vinyl ether. 

6. This mi.xed ether compares very favorablj’’ with diethyl ether and diidnyl 
ether as an inhalation anesthetic in several species of animals. This first ap- 
proximation of the anesthetic properties of ethjd vinyl ether, in our opinion, 
warrants its careful and judicious trial in man by skilled anesthesiologists. 

Addendum. These experiments ha^ung been completed, we deemed that the 
properties of ethyl vinyl ether warranted its trial in man as an anesthetic. On 
Tuesday, March 4, 1947, at 10:45 A.M., one of us (J. C. K., Jr.) administered 
ethyl idnyl ether to an anesthetist, Constance Black, by the open drop method. 
The induction period was about CO seconds. Light anesthesia was continued 
for about G minutes. The recoverj’^ was rapid and uneventful. The blood 
pressure and pulse were not significantly altered. The subject stated that the 
vapors did not irritate the upper respiratory tract. 
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There are many reports in the literature on the action of Metrazol as a re- 
spiratory stimulant. These reports are quite at variance with one another, 
some investigators finding positive, and others, negative results. Maloney and 
Tatum (1) and Veal and Hamilton (2) found that Metrazol, among other drugs, 
was of no value in counteracting depression due to barbiturates. Maloney (3) 
working with rats and rabbits narcotized with phenobarbital found that under 
certain conditions Metrazol, caffeine and coramine may accentuate the depres- 
sant action of the barbiturate. Mousel and Essex (4) concluded that Metrazol 
in lightly anesthetized animals (pentothal) produces some degree of respiratory 
stimulation; almost no respiratory stimulating effects are seen on animals deeply 
anesthetized with sodium pentothal and sodium amytal, and that in the more 
deeply anesthetized animals an increased depression is produced. Barker and 
Levine (5) found that in cats under light ether anesthesia, Metrazol had no 
beneficial effect on the cardiorespiratory mechanism, either in normal animals 
or in those depressed by quinidine, hemorrhage and acid intoxication. Jackson 
(6), however, reported that while Metrazol failed to produce respiratorj' stimula- 
tion in dogs when deeply anesthetized with ether, when administered to dogs 
under deep anesthesia produced by evipal, sodium pentothal and sodium amjdal, 
it produces marked specific stimulation of the respiratory center. Jackson used 
much larger doses of Metrazol than did other investigators, up to 87 mgm. per 
kgm. With this dosage he observed no convulsions in the dogs anesthetized 
with barbiturates. Schmidt, Hildebrandt and Krehl (7) reported stimulation of 
respiration when tWs has been depressed by morphine. 

Recently interest has again been shown in the use of Metrazol in the treatment 
of acute barbiturate overdosage, as in intravenous pentothal-sodium anesthesia, 
and as an analeptic to shorten the postoperative period of unconsciousness. 
Richards, and Pickrcli, have reported several cases in which Metrazol was used 
intravenously when respiration had ceased during pentothal anesthesia (8). 

The present study was undertaken for the purpose of determining the action 
of Metrazol on the respiratory center during deep barbiturate anesthesia, making 
use of a new criterion for doterminng the state of activity of the respiratorj’ 
center, namely, observation of responses to electrical stimulation, as well as rate 
and tidal air. This technique was used by Wells et al. (9) in a studj' on picro- 
toxin in 1944. 

‘Metrato! supplied through the courtesy of Bilhubcr-Knoll Corp., Orange, New Jersey. 
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Meihops anp RESULTS. 1 . Inlocl cats. Healthy adult cats weighing 2 to 2.5 kgm. were 
anesthetized with sodium phenobarbital 160 mgm. per kgm., administered intravenously 
in 10% solution, and a tracheotomy was made. The inspiratory center (10) was then local- 
ized by means of a unipolar electrode oriented in the Horsley-Clarke stereotaxic apparatus. 
The indifferent electrode was inserted in the rectum. A Goodwin thyTatron type stimu- 
lator discharging on a frequency of 1000 per second, a falling phase of 6 sigma, delivered 
the stimuli. The least voltage required to produce and maintain an inspiratory cramp 
(threshold stimulus) varied between 0.2 volts to 0.7 volts in the different animals. The 
inspiratory response produced by the threshold stimulus was in every- case much less than 
that produced by stimuli of higher voltage. The tracheotomy tube was then coimected to 
a closed circuit containing oxygen, which was replenished at a constant rate. The circuit 
included a soda-lime tube for the removal of carbon-dioxide and a small Krogh-type 
spirometer of 400 cc. capacity, graduated inS cc. units, and equippped with an ink writing 
point for making tracings of the respiratory movements on a continuously moving 
kymograph. 

As controls, eight cats were prepared in the above manner, and a period of normal breath- 
ing was recorded. During this time the threshold stimulus was determined. A second, or 
“depressant” dose of sodium phenobarbital was then given intravenously. This dose 
varied from 65 to 135 mgm. per kgm. Response to electrical stimulation of the center, 
and readings of tidal air and rate were taken at intervals, until the cat died, or until it 
was killed after not less than one hour and twenty minutes following the depressant dose 
of sodium phenobarbital. 

Figure 1 reproduces a tj-pical kj-mogram and graph illustrating the results 
obtained in this control group of cats. These animals showed no appreciable 
spontaneous recovery of respiratory activity during the period observed. 

An experimental series of eight cats, similarly prepared, was treated with 
vaiying doses of Metrazol during the depression caused by the “depressant” 
dose of sodium phenobarbital. This dose of phenobarbital was 90 mgm. per 
kgm. in five cases, 80, 135 and 160 mgm. per kgm. in each of the other cases. 
The dosage of Metrazol varied from 50 to 300 mgm. per kgm., administered 
intravenously in 10% solution. 

The administration of Metrazol intravenously in large doses causes a prompt 
onset of increased activity and e.xcitability of the depressed inspiratory center. 
This occurs within one minute after giving the hletrazol. This is clearly illus- 
trated in figure 2, which also shows that this response is fairly persistent. 

One cat was prepared in like manner, but this time with the electrode placed 
in the expiratory portion of the respiratory center (10). A voltage of 0.9 volts 
was found to produce forced e.xpiratory movements, which were held for the 
duration of the stimulus (eight seconds). After a few normal readings, a depres- 
sant dose of sodium phenobarbital was administered (90 mgm. per kgm.). 
When an adequate depression of the e.xpiratoiy center was attained, as indicated 
by decreased rate and electrical e.xcitability, Metrazol in a dose of 200 mgm. per 
kgm. was given. 

The results obtained showed complete and sustained recovery of the response 
to electrical stimulation. There was temporary recovery of rate, lasting only 
six minutes. The tidal air, however, shows a sustained recovery to more than 
the original figure. 

A short (0.5 to 1 minute) period of apnea was observed after four of twelve 
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doses of Metrazol given to the intact animals. No convulsions were seen in any 
of this series. 

To study the possibility that blood pressure changes might be responsible for 
the respiratory responses observed, two intact cats were prepared as already 
described. A femoral artery was cannulated in order to record blood pressure 
changes by means of a mercury manometer. Fastusol pink, 100 mgm. per kgm. 




Fig. 1. Intact Control. Anesthesia — Sodium Phenobajibital ISO Mom. pbb Kgm. 

I.V. Stimulus Constant at 0.7 V. Throughout 
At A, Q depressant dose of phcnobarbital (78 mgm. per Kgm.) was administered intra- 
venously. The subsequent changes in respiration are illustrated by the graphs and the 
related sclents of kymographic record. The deep inspiration shown by the long down- 
stroke of the kymogram. 


was used as an anticoagulant. Each cat received depressant doses of pheno- 
barbital, 60 mgm. per kgm., and doses of Metrazol of 200 mgm. per kgm. These 
cats showed typical respiratory changes, with fall in blood pressure accompanying 
both the injection of phcnobarbital and Metrazol. The apnea, observed after 
one of these injections, was concurrent with the lowest level of blood pressure 
obtained. Recovery of blood pressure and of respiratotj" movements occurred 
synchronously. Phcnobarbital produced a profound fall in blood pressure, and 
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apnea. Metrazol was then given, following which there was recovery of T)oth 
respiratory activity and blood pressure. A second dose of Metrazol at this time 
produced a temporary fall of blood pressure, accompanied by a short period of 
apnea. A second dose of phenobarbital produced another fall of blood pressure 
and respiratory depression, and at this time 14 units of Pitressin was adminis- 
tered. This produced a rise of blood pressure to its normal value, but the 
respirator}^ depression continued unabated, and even increased. The Pitressin 
effect soon passed, and the inspiratoiy center was stimulated, producing a 
response much greater than the tidal air at the time, which was only about 5 cc. 




Fig. 2. Intact Cat. Anesthesia — Sodium Phenobarbital 150 Mom. per Kgm. ■ 
Stimulating Electrode in Inspiratory Center. Stimulus Constant at 
AT 0.6 V. Throughout 

At A, 90 mgm. jjer Kgm. of sodium phenobarbital were administered I.V. The resuming 
depression of respiratory activity is indicated in the graphs. At B, 200 mgm. per Egm- 
of Metrazol were given I.V. The improvement in the respiratory condition of the animal 
is evident. The segments of kymograph record below show response typical of those seen 
throughout the experiment. 


This inspiratory movement was then promptly followed by a rise in blood pres- 
sure to a normal value, later falling again. A second stimulation produced a 
similar effect. 

2. Decerebrate cals. It was now desired to test the effect of Metrazol on the 
respiratoi}’ center under various other conditions: (1) in the absence of any 
depressant agent; (2) in the absence of any Metrazol effect on higher centers; 
(3) in the presence of a depressant agent but with the respirator}' center isolated 
from all higher centers. 

For this purpose decerebrate cats were prepared by the method of Davis and 
Pollock (11). Both common and external carotid arteries were ligated, as was 
also the cord-like stnicture representing the intf rnal carotids. The basilar 
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artery was then exposed by an oral approach and was likewise ligated. The 
animals were under light ether anesthesia during the surreal procedure. This 
method produces deccrebration in the midpons, at the level of the point of exit 
of the 5th cranial neiv’e, and with a minimum of trauma to the pontine and 
medullar}' structures. The cats were then prepared for recording respiratory 
actmty as in the intact animals. 

As controls for the decerebrate series, two decerebrate cats received angle 
doses of phenobarbital, 50 and 75 mgm. per kgm., and were observed for 60 to 
90 ramutes following the injection. 



1 he results in these cats are comparable to those in the intact control series. 
A profound and prolonged depression of all respiratory activity was produced 
by the phenobarbital. 

Five cats, after being decerebrated and a i>eriod of normal respiration recorded, 
were treated with Metrazol in dose varying between 25 and 267 mgm. per kgm. 
Rraction to electrical stimulation was then determined at approximately five 
minute intervals thereafter. Most of these cats received two injections of 
Metrazol. 

Figure 3 is iUustralive of the results obtained with this undepressed, decere- 
brate series. It is evident that there is no sustained, marked change in the 
minute volume, rate, tidal air or electrical c.xcUability of the respiratory center. 
.V period of apnea as already described was obsen-ed ciglrt tinros out of ten doses 



100 


MARIA I. ROBERT DE RAJtIREZ DE ARELLANO 


of Metrazol. This apnea was inspirator' once, in mid-position of the thorax 
three times, and expiratorj' four times. Slight or moderate convulsions occurred 
after oidy three of the doses of Metrazol. 

Seven decerebrate cats received sodium phenobarbital in doses ranging from 
50 to 125 mgm. per kgm., intravenoush'. Metrazol, 50 to 200 mgm. per kgm., 
was then administered after respiratory depression was quite apparent. Read- 
ings of the respiratory activity were taken as in previous examples. 

The results obtained in one of this depressed, decerebrate series are illustrated 
in figure 4. These findings were typical of this series. Recoverj’ of respirator)' 
center activity, as measured by rate, tidal air and electrical excitability, is con- 
siderable. Of thirteen doses of hletrazol gix’cn, varjdng from 50 to 200 mgm. 



Fig. 4. Decerebrate Cat. Stijiclating Electrode in Inspir.atohv Center. 

Sti.mulus Constant at 0.3 V. Throughout 
At A, cat received 90 mgm. per Kgm. Sodium Plienobarbitol intravenouslj'. The respira- 
tory depression is evident. At B, Metrazol 100 mgm. per Kgm. given intravenously produced 
typical recovery of respiratory rate, tidal air and response to electrical stimulation. 

per kgm., six were followed immediately by apnea as previously described, 
before any stimulation was seen, and seven showed immediate respirator)' 
stimulation. There were no convulsions in any of this group. 

The inspiratory center alone was tested in all the decerebrate series. 
Discussion. The results of these e.xpeiiments indicate that Metrazol, 
administered in large doses to cats depressed by phenobarbital, produces a 
considerable recovery of respirator)' activity, both in the inspirator)' and e.xpira- 
tory portions of the respiratory center. It is to be noted that those investigators 
who reported no stimulation of respiration by Metrazol were using much smaller 
doses, 5 to 20 mgm. per kgm. It was this observation that prompted the use 
of larger doses. Larger doses in dogs had been reported by Jackson to produce 
stimulation of respiration. The use of large doses we believe is justified by the 
fact that the dosage of the barbiturates is also greatly in excess of that usually 
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administered. Despite the large amount of Metrasol given, comuilsions were not 
seen in any cat that had received sodium phenobarbital, and in only three of the 
undepressed decerebrate cats. These findings confirm the report by Jackson 
(6) that Metrazol produced respiratory stimulation, but no comidsions, in dogs 
deeply anesthetized nith %'arious barbiturates. Jackson used doses up to 87 
mgm. per kgm. in these dogs, and of more than 100 mgm. per kgm. in dogs 
anesthetized vrith avertin. 

As already mentioned, the decerebrate series were run for the purpose of 
studying the effect of Metrazol in the absence of any depressant drug, and in 
animals free of any Metrazol effect on the higher centers. 

Pitts, in rebreathing experiments on cats obtained evidence that in a decere- 
brate preparation the mechanism for increasing the depth and rate of respiration 
are intact, and direct chemical stimulation of the respiratory center is not 
interfered with (12). Thus, in the decerebrate series all higher centers whose 
connection with the pons and medulla could possibly affect the responses of the 
respiratory mechanism have been removed, while this mechanism itself is left 
intact. In addition to remordng influences from higher nervmus centers, the 
technique of decerebration used also eliminates all possible carotid sinus and 
carotid body influence on the respiratory center. 

The results nith undepressed, decerebrate cats treated with Metrazol are 
quite different from those obtained in intact cats, whose respiration had been 
depressed by phenobarbital. The latter show a remarkable increase of respira- 
tor}' activity over the depressed level. The effect on respiration in decerebrate 
cats is inconstant — stimulation of short duration in some instances; in others an 
actual depression of acth-ity is produced. A. significant, prolonged stimulation 
of respiratory activity cannot be said to occur. 

A picture very different from the abo%'e is seen in the case of decerebrate cats 
that have received a dose of phenobarbital sufficient to depress the respiratory 
center. The increase in actb'ity in some instances is several times greater than 
the activity and excitability of the center at the time the Metrazol was ^ven. 
Comparing figures 2 and 4, the similarity between the two depressed series is 
easily seen. The findings in the depressed series, both intact and decerebrate, 
are in agreement with those of Jackson in dogs under deep barbiturate anesthesia. 
Our findings in undepressed, decerebrate cats resemble Jackson’s results in dogs 
under ether anesthesia, which showed convulsions but no respiratory stimulation. 
Similar results were obtained by Barker and Ler'ine in cats under light ether 
anesthesia — convulsions, but no respiratory stimulation. Schmidt and Hilde- 
brandt (7) believed the stimulation of respiration depressed by morphine was 
due to strong cortical action of the Metrazol. This, of course, is ruled out in the 
decerebrate preparations. It therefore seems likely that the greater part of the 
stimulatory action of Metrazol on the respiration depends on the presence of an 
actual depression, particularly that produced by barbituric acid derivatives. 

Barker and Levine in 1928 (3) and Hildebrandt (13) in 1936, comment on the 
short period of apnea following large doses of Metrazol. In our axperiments it 
was obsciv'ed that this period of apnea occurred in 80% of cases in the unde- 
pressed decerebrate scries, in 40.1% of the depressed decerebrate series. 
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Convulsions occurred only in the undepressed decerebrate series, in three o! 
five animals, and no increase in the normal decerebrate rigidity was noted after 
the Metrazol injections in an}’- of the other decerebrate cases. In the series of 
intact cats, only 30% of the doses administered were followed by periods of 
apnea, and none by convulsions. A rough parallelism is thus seen beUveen 
the occurrence of apnea and convulsions in these a’nimals, and the absence of 
phenobarbital. It is therefore believed that the apnea is due to an initial toxic 
action of the Metrazol, possibly an overstimulation of both the inspiratory and 
expiratory portions of the respiratory center, with the production of a cramp, 
this action being modified or prevented in the presence of the phenobarbital 
depression. Recording of action-potential changes in phrenic and intercostal 
nerve preparations will serx’e to help clarify this point. 

A marked rise in blood pressure, of short duration, might be also the cause of 
the period of apnea. Such a rise was described by Hildebrandt, and by Gavidia 
(14) in curarized dogs. Barker and Levine, however, reported a fall in blood 
pressure following administration of Metrazol in intact ether-anesthetized cats. 
In the two intact phenobarbitalized cats on which blood pressure tracings were 
made, a marked fall in blood pressure was observed following the administration 
of Metrazol. The apnea was concurrent with the lowest level of the blood 
pressure. The pressure rose to normal within seven minutes. 

As the increased respiratorj' action seen when Metrazol w as administered to 
the cats depressed by phenobarbital was accompanied by recovery of blood 
pressure, the question therefore arose: was the respiratory stimulation seen 
dependent on, or due to, a recovery of blood pressure? Rise in blood pressure 
alone could conceivably, by improving the blood supply to the medulla, thereby 
improve respiratory function. That this was not the case is shown by the cat 
receiving Pitressin when the respiratory activity and blood pressure had been 
depressed by phenobarbital. Although recoverj" of blood pressure to a normal 
value was prompt following the Pitressin, there was no concomitant increase 
in respiratory activity. The blood pressure, which soon fell again to the de- 
pressed level, rose immediately, almost precipitously, to the normal when the 
respiratory' center was stimulated. This stimulation produced an inspiratory 
movement of many times the volume of the tidal air, which u as quite depressed. 
Following this stimulation the tidal air was improved for two minutes, during 
which time the blood pressure remaiqed at a fair level. As soon as the tidal air 
decreased the blood pressure dropped rapidly. A second electrical stimulation 
produced another good inspiratory movement but no improvement of tidal air. 
The blood pressure again rose to a nearly noimal level following this inspiratory 
movement. It is thus clear that at least in this case the recovery from a low 
blood pressure due to phenobarbital is dependent on adequate ventilation of the 
lungs rather than vice versa. 

SU.MXLVRV AKD CON’CEUSIOXS 

Intact cats, anesthetized with sodium phenobarbital, and decerebrate cats, 
received large intravenous doses of Metrazol after the respiratory activity had 
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been depressed with phenobarbital. These cats showed considerable recovery of 
respiratory activity. 

Decerebrate cats, with normal respiratory center, showed no consistent 
stimulation of respiratory activity following Metrazol administration. 

It is believed that a major portion of the stimulation observed in the two 
depressed series is due to a pharmacolo^cal antagonism to the barbiturate. 

Acknowledgment. The author wishes to thank Dr. J. M. Brookhart and Mr. 
H. A. Swartout for their kind assistance in the preparation of the figures for 
publication. 
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The purpose of this communication is to present a method for the study of 
the antispasmodic action of drugs on the tracheal musculature. The method 
is based upon the finding that the excised trachea of the guinea pig will respond 
to many drugs with the characteristic actions for which the drugs are well 
known, and that with proper magnification, the response can be recorded and 
measured for comparative purposes. Although the method is suitable for the 
study of antispasmodic drugs in general, emphasis is given to its use in the testing 
of bronchodilators, because of the close anatomical and physiological-association 
which exists between tracheal and bronchial masculature. 

Trendelenburg (1) studying the action of drugs on the bronchi, observed the 
behavior of strips of bronoWal muscle dissected from the ox. Macht and 
Giu-Ching Ting (2) used excised strips of surviving muscle from the bronchi of 
pigs. These workers used muscle obtained from large animals because the actual 
mechanical changes in the muscle are quite minute. In our search for a simple 
screening test for bronchodilator action, it was found that a small laboratory 
animal as the guinea pig could be satisfactorily' used by sectioning the primary 
bronchi of four or five animals into circular rings about 1 mm. wide and connect- 
ing the rings in chain-fashion with loops of silk thread. A chain of 10 or 12 
rings produced such an additive effect that the constriction or dilatation produced 
by various drugs could be clearly demonstrated. However, in view of the fact 
that the bronchi of the guinea pig are very short and totally embedded in lung 
tissue, thus requiring elaborate dissection and the use of several animals to 
obtain a single preparation, it was decided to study the behavior of a chain of 
rings from the much longer and more easily dissected trachea. As was to be 
expected on the basis of the phy'siological anatomy which is common to both 
tracheal and bronchial musculature, a chain of 12 rings obtained from the entire 
trachea of one guinea pig was found to react to spasmogenic and antispasmodic 
drugs in a manner quite similar to that of a chain of bronchial rings obtained 
from several guinea pigs. 

The Tracheal Chain Preparation. An adult guinea pig is killed by a blow on the head. 
The trachea is removed and sectioned rrith a pair of Bciesors into 12 rings of approximately 
the same width. The rings are kept moist with Ringer’s solution while they are connected 
in series by means of short loops of silk thread. 

' Experimental. The chain is mounted in a bath of Van Dyke-Hastings’ solution’ (3) 

’ The Van Dyke-Hastings’ solution was modified by the addition of dextrose to make 
0.05 per eent, and before being used it was saturated with the COi-Oi gas mixture under a 
]a 3 ’er of heaxw liquid petrolatum. 
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maintained at 37.5°C and aerated by bubbling a mixture of 5% CO 2 and 95% O 2 through a 
side tube similar to that described by Harne (4). Washing is conducted by flooding upward 
from the bottom to avoid exposure to the air. Although ink-writing devices may be used, 
the studies described in this paper were made with a light, sensitive, 13-inch muscle lever 
yielding twelve-fold magnification. A short piece of aluminum wire coiled loosely about 
the end of the lever formed an almost frictionless writing point when used with lightly 
smoked paper. The kjTnograph was set to move at the rate of 0.1 cm. per minute. 

The only tension required for the preparation is that needed to keep the chain ven.cal 
because the muscle fibers which stretch across the ends of the C-shaped ring of cartilage 
apparently are normally under a state of tension, for if thej' are sectioned, the ring springs 
open. It was found that satisfactory tension could be obtained as follows: The lever is 
first balanced bj' hanging small weights on the short arm. Then sufficient of these weights 
are removed to equal the weight of the chain. Finallj’ the preparation is connected. For 
example, if the chain weighs 350 mgm., weights totaiing 350 mgm. are removed. Under 
these conditions, the only tension used is that caused by the weight loss of the chain through 
the buoyancy of the bathing solution. 

In studying the antispasmodic action of a drug, we observed first its effect on the normal 
or untreated trachea (see figure 1). Then its spasmolytic action was determined by its 
ef[icac 3 ’ ia relieving the spasms induced respectivelj- bj- histamine phosphate, acetjdcholine 
bromide and barium chloride (see figure 2). 

Results. In table 1 are summarized the results obtained on 72 guinea pig 
tracheas. The drug dilutions listed represent the dilutions of the antispasmodics 
which in tjTtical experiments were found to produce a definite practical effect as 
defined in the legend of the table. 

A Comparison of Bronchodilator and Spasmolytic Drugs on the Untreated 
Trachea. The three well-known bronchodilators, epinephrine, aminophylline 
and papaverine dilated the untreated trachea. In sharp contrast, the spas- 
molytics, atropine, Novatropine, Syntropan and Trasentin and the antihistamine 
drug, Benadryl, produced no relaxation (see figure 1). In fact, Benadryl in large 
doses caused contraction. Figure 1 also shows that epinephrine caused prompt 
relaxation but that after washing, its action was brief as shown by the rapid 
return to the original level. Aminophylline was much less potent from a dosage 
standpoint, as might be expected from clinical experience, but it was nevertheless 
promptly effective. Papaverine acted the most slowly, but its effect was quite 
prolonged, even after washing. It was found that graded responses could be 
obtained with graded doses of these three bronchodilator drugs. Work is in 
progress on the development of assaj’s for bronchodilator drugs. 

The Antagonism of the Bronchodilators toward Spasmogenic Drugs. All three 
bronchodilators counteracted the spasmogenic drugs, histamine, acetylcholine 
and barium chloride, probabb' by virtue of their ability to relax tracheal muscle 
rather than by any specific drug antagonism. That is, the effect obtained may 
be considered the resultant of two drugs acting independently but in opposite 
directions. As figure 2 shows, epinephrine was rapid but evanescent in 
action, even without washing. Aminophylline was also rapid in onset, but its 
effects were more prolonged and papaverine was both slow in onset and of 
long duration. Table 1 shows the very wide difference in the potencies of these 
three bronchodilators. 

Atropine. This drug produced no visible effect of its own on the tracheal 
muscle. In sufficiently high concentrations (1:50,000), it inhibited the action 
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TABLE 1 

Maximal dilutions of the antispasmodics that under the conditions described in this paper 
produced {T),a dilatation of the normal or untreated trachea sufficient to cause approximately 
a 1 cm. fall in the tracing, and {//), a definite relief (75 to WO per cent) of the constrictions 
induced by histamine, acetylcholine and barium chloride 


ANTISPASMODIC 

1 

\\ 

Normal Muscle 

Histamine PhoS' 
phatc 1.500.030 

Acetylcholine 

Bromide 

1:1.0)0.000 

Barium Chloride 
1;5000 

Epinephrine 

1:100,000.000 

1:20.000,000 

1:20,000,000 

1:80,000.000 

AminophylHne 

1:200.000 

1 :25,000 

1:5000 

1:20,000 

Papaverine 

1:2,000,000 

1:500,000 

1:.100,000 

1:500,000 

Atropine Sulfate . 

None 

1:50,000 

1:50,000,000 

None 

Novatropine 

None 

None 

1:20,000,000 

None 

Syntropan 

None 

None 

1:200,000 

None 

Trasentin 

None 

None 

1:125,000 

None 

Benadryl . . 

None 

1:15,000,000 

1:250,000 

None 


Epinephrine. 

'^ 1120 , 000,000 


Papaverine 

^111,000,000 



miNUTES 


Afropine(S0y 

^ i:iOO,ooo 


^ayatropin e 

B' i:i00,00 0 





.Synfropet n 

t j : 100,000 


^MT 


Trase^T/'n 
ir i: 100,000 



Fig. 1. Tire J^kfect of the I.\oicatei> Coxcentbations of the Antispasmodics on 
THE Xormae or Untreated Tracheal Chain. (W) Indicates Washing 


of histamine but it was found to be a thousand times more potent in counter- 
acting acetylcholine (see table 1). Atropine failed to alleviate the spasms of 


aminophylline epinephrine 
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barium chloride. Figure 2 illustrates not only the abilit 3 ' of atropine to relieve 
the constriction of acetjdcholine but also its residual inhibiting action even after 
several washings. 

Novalropine. Novatropine resembled atropine in its failure to relax the un- 
treated muscle and its inability to counteract barium chloride spasms. It dif- 
fered from atropine in these e.xperimenfs in failing to relax histamine-constricted 
muscle (see figure 2). This dnig was found to be less active than atropine in 
antagonizing acetjdcholine contraction and its residual inhibiting action after 
washing was of much shorter duration than that obtained with atropine. 

Synlropan and Trasentin. These two drugs showed no dilator action on the 
untreated trachea and as table 1 shows, thej’^ resembled Xovatropine in all 
respects except that Novatropine was found to be more potent in antagonizing 
acetylcholine. The failure of these two drugs to relieve histamine spasm in the 
guinea pig trachea is in agreement with the finding of Loew and his collaborators 
(5) that Sjmtropan and Trasentin are ineffective in relieving histamine-induced 
bronchoconstriction in guinea pigs (see figure 2). 

Benadryl. Benadrj'l caused no dilatation of tlie untreated trachea but was 
found to possess powerful anti-histamine action. Its marked preferential action 
against histamine resembles that of atropine against acetjdcholine (see table 1). 
This drug was also found to have definite atropine-like action against acetjd- 
choline. No rela.xation of the barium chloride contraction was obtained with 
Benadrjd, despite the fact that this drug has been found effective in antagonizing 
barium chloride spasm on isolated guinea pig ileum (G) (see figure 2). In figure 2, 
lower tier, a technique for studjdng the more specific types of antagonisms is 
illustrated. In this case, the antihistamine action of Benadiyl is demonstrated 
by its ability to prevent the constricting action of histamine. Its residual 
inhibiting action even after several washings is also shown. 

Discussion. As the \-arious tracings presented in this paper show, the 
tracheal chain did not exhibit spontaneous contractions. The few irregularities 
shown seemed to be due to air currents in the room and to vibrations of the 
laboratorj' table. Preparations were frequentlj^ found to survive 12 hours or 
more unless the tissue was damaged bj' the drug being studied. No particular 
precautions in selecting guinea pigs, with regard to sex or weight, Avere found to 
be necessaiy and almost everj^ pig used furnished a satisfactoiy preparation. 

The long-sustained submaximal contractions of the tracheal chain produced 
by spasmogenic agents facilitate the studj' of spasmoij’tic drugs ivith respect to 
both onset and duration of action. Although the tracheal muscle behaves like 
intestinal muscle in manj' waj-s there are also some differences in its behavior to 
certain spasmolj'tic drugs. Transentin and Sjmtropan have been found to 
antagonize the spa.smogcnic action of histamine on the isolated intestine (5) (0) 
(7) but we have been unable to demonstrate anj' anti-hi.staminc action on the 
tracheal muscle with these two drugs. .-M.so, although aminophj'lline has been 
reported (5) (8) to bo relatively ineffective in counteracting the action of hista- 
mine on intestinal smooth muscle, we have found it to be quite active in rela.xing 
the liistaminc-constricted tracheal musculature. This maj' bo related to the 
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fact that aminophylline relaxes the untreated trachea while it has been stated to 
cause transient spasms of the isolated gut (8) (9). 

Although this paper is concerned with the action of drugs on the trachea, 
we have used the term bronchodilator in connection with epinephrine, amino- 
phylline and papaverine because these drugs are so-called in common usage. It is 
recognized that a ^ven drug may act differently on the broncluoles, the larger 
bronchi or the trachea (10). The available evidence, however, indicates that 
the trachea and the larger bronchi react much alike to drugs. Histologically 
speaking, the trachea and the bronchi possess a common tj^je of cartilage and 
muscle. Pharmacologically speaking, Florey and Wells (11) reported that both 
the trachea and the bronchi of the cat react in the same way toward epinephrine, 
atropine and pilocarpine. Also Isogawa (12) found that liistamine caused 
simultaneous constriction of both the trachea and the bronchi of the guinea pig. 
The results reported in this paper are in accordance with the clinical behavior of 
epinephrine and aminophylline, as bronchodilator drugs. 

Sin.«I.A.RY 

1. A technique is described for recording the constrictions and dilatations of 
the excised guinea pig trachea when exposed to drugs. 

2. The tracheal muscle of the guinea pig has been found a suitable preparation 
for the study of antispasmodic drugs. The long sustained contractions produced 
by the spasmogenic agents were found to facilitate the study of both onset of 
action and duration of the effect of the spasmoljiic drug. 

3. The guinea pig trachea was found to exhibit good smooth muscle reactions 
similar to those of the bronchi. Well-known bronchodilntors as epinephrine, 
aminophylline and papaverine were found to dilate the normal or untreated 
trachea and all three drugs relieved the spasms induced by histamine, acetyl- 
choline and barium chloride. 

4. Atropine, Novatropine, Syntropan, Trasentin and Benadrjd did not dilate- 
the normal or untreated trachea, failed to relieve barium chloride spasm but were 
found to counteract acetylcholine action. Of this group of drugs only atropine 
and Benadryl were effective against liistamine, the latter being outstanding in 
this respect. 
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Konzett (la, b) has described the phannacologic actions of homologues of 
epinephrine in which the methyl group on the N was replaced by ethyl, propyl, 
isopropyl, butyl, and isobutyl groups. The results obtained suggest that the 
N-ethyl homologue most nearly resembles epinephrine in its pharmacologic 
effect and that with larger N-alkyl groups, epinephrine-like action is greatly 
modified. In a previous publication. Lands, Rickards, Nash and Hooper (2) 
have described the results obtained with a similar series but in which the sym- 
pathomimetic nucleus was l-(p-hydro.’OT3henyl)-2-aminoethanol, and in which 
the N-alkyl substitutions included secondary and tertiary butyl groups. These 
two latter derivatives, like the N-isopropyl derivative, were found to be 
very active vasodepressor agents. More recently we have investigated the 
pharmacology’ of the N-sec. butyl homolo^e of epinephrine and compared it 
rvith the corresponding N-isopropyl homologue (ISUPREL).* The results 
obtained are described in this' communication. 

Effect on the he-^rt a.nd circulation. Cardiac effects were determined on 
isolated perfused hearts of frogs and of rabbits. In experiments on the frog, 
the brain and spinal cord were pithed and a cannula inserted into the sinus 
venosus. Frog Ringer solution was passed through the heart at constant 
pressure and the excess fluid allowed to drain away' from the cut arteries. All 
drugs were dissolved in frog Ringer solution and injected directly into the 
perfusion stream near the heart. Five to ten micrograms of Isuprel or the N-sec. 
butyl (0-4, 1424) derivative increased heart action. These effects were more 
prolonged than those caused by’ epinephrine. However, one difference in 
response should be pointed out. With the injection of ten micrograms or more 
of epinephrine, the heart was brought to diastolic standstill, whereas, with an 
equivalent amount of Isuprel or the N-sec. butyl derivative, no such effect was 
observed. 

The isolated rabbit heart was perfused according to the method of Langendorf. 
As described above, the injections were made directly into the perfusion stream 
near the heart. Representative results are shown in figure I. The results 
obtained indicate that 0.2 to 2.0 micrograms of Isuprel or the N-sec. butyl 
derivative stimulate the heart, increasing both rate and amplitude. 

In a few experiments on anesthetized dogs, myocardiographic recordings of 
the left ventricle were made according to the method of Cushny. In order to 

* This compound is being distributed for clinical investigation under the name of Isuprel 
by Frederick Stearns A- Co., Division of Sterling Drug, Inc. 
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prevent reflex stimulation of the heart resulting from a fall in blood pressure, a 
small amount of ‘Neo-S3'nephrine’ HCl was injected ■with the depressor drugs; 
the amount used had little or no effect on the heart beat. Both Isuprel and the 

r- e 




i i- 
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-i '• 


^ Fig. I. Effect on* the Isozjited Peufused Rabbit He^bt 
iJrugs introduced directly into the perfusion cannula. 

A. Isuprel IICl — 0.2 micrograms 
R. ^*-scc. butyl derivative — 2.0 micrograms 
O. Epinephrine — 0.2 micrograms. 

Time intervals 5 seconds. 


^-?cc. butyl derivative caused a prompt increase in both rate and amplitude in 
Ibo absence of blood pressure changes and these cardiac changes lasted for 
approximately twenty minutes. 

The effect of the two derivatives on carotid blood pressure was determined 
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in dogs anesthetized with sodium pentobarbital. The above compounds were 
administered intravenously, intramuscularly, or injected directly into the lumen 
of the small intestine. Results obtained are shomi in table 1. Intravenous 
injections of Isuprel caused a marked fall in blood pressure with doses of 1-2 
micrograms/kgm. (figure 2a). Direct comparison indicates that this fall is of 
somewhat greater magnitude and duration than the rise in blood pressure 
obtained with an equal dose of epinephrine. The intravenous administration of 
the N-sec. butyl derivative indicates that this substance is somewhat less 

TABLE 1 


Effect on mean carotid blood pressure of the dog. Acute toxicity in mice 


OH 

j 







Or 




SIAXIMOM 
CHANCE 1 

DtniATlON 


TOXICITY 

T ? /X 

H-C-C— N( 

hU 

COMPOUND 


MODE OP 1 

ADillNISTRATIOV 

DOSE PER 
KGU. 

IN 

BtOOO , 
PRES- 1 

CHANCE C? 

B1.00D 

PRESSURE 

Intraperitooeal in 
albino mice 

1 

1 

1 

1 





No. 

of 

mice 

Results 


! 



mm. Ug 

minutes 


miM.ftgm. 

Isuprel Hydro 
chloride 

' isopropyl 

! 

i 

I 

1 

i 

intravenous 

intravenous 

intramuscular 

intraintcstinal 

0.6 roicrosmm 
1.0 microsram, 
O.IO ragm. 

1 

1 

0.25 mgm. j 

i 

-3S 

-41 

-43 

-44 

2- 4 

3- 12 

prolonged 

(51- 

>205) 

' prolonged i 

i t>so) ; 

203 , 

L.D. 0 

L.D. 50 450 
L.D 100>5S0 

(M. 1424 Acetote 

secondary 

! but>l 

i 

intravenous 

intra\enou3 

intramuscular 

intraintestinal 

1.0 microgrsm; 
2.4 m/trogram 
0.10 mgm 

i 

0.25 mgm. 

-33 

-37 

-36 

-35 

! ^ 

1 3-6 

1 prolonged 

1 (32- 

>123) 
prolonged 
(>4S) 

76 

L.D. 0 400 

L.D. 50 450 

LD. 100>520 

Epinephrine 

Hjdrochloride* 






34 

LD. 0 3 

LD.50 4 

LD, 100 5 


• PreparedaadescribedinthePharmacopeiaofthetTDitedStates— TurelfthRevision. Dose indicates the amotmt 
of I'epioepbrine base 


depressor than Isuprel. Tliis difference in effectiveness is still apparent when 
allowance is made for the difference in molecular weights. Both of the above 
compounds cause a prolonged fall in blood pressure when administered intra- 
muscularly in doses of 0.1 to 0.2 mgm./kgm. (figure 2b). As indicated above, 
this is accompanied by a marked increase in heart rate. Similar results were 
obtained -when these substances were injected directly into the small intestine 
of the anesthetized dog. Absorption from this site appears to be rapid, effects 
on blood pressure following administration being apparent as quickly as those 
following intramuscular injection. Approximate^' two and one-half times as 
much of the compound must be placed into the intestine to produce equivalent 
falls in blood pressure. 










li 

Tir. 2 Eivfct on Carotid Biood Piifssi nr. or Asestiiltizi d Doa*^ 

A BlTrct of Isuprcl IICI (B 17) and the X soc but>l denvatuc (B 33) m an inlra\cnou3 
no‘>c of 1 0 microprani/kpm 

B. Kffccl of Ibuprol HCl in an intramuscular do«c of 0 15 mpm /kpni The kjmoRraph 
J'as stopped for 42 and IS minutes, as indicated, near the end of.tUe record Time intcr\'als 
mininuics. 
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Sj^stolic blood pressure was determined in unanesfhetized dogs by means of a 
mercury or aneroid manometer to which was attached a cuff specially designed 
to fit snugl3’' about the thigh. In most dogs, a strong pulse maj' be obtained 
from the anterior tibial arterj' along the dorsal surface of the foot and, in these, 
sj'stolic pressure maj' be determined bj- palpation. The oral administration of 
0.1 to 0.5 mgm./kgm. of Isuprel caused a marked tachycardia which developed 
rapidty following the administration of the drug. Associated with this increase 
in heart rate, there was usuallj' a rise in sj’stolic pressure. Although pressure 
rose, there was evidence of peripheral vasodilatation, inasmuch as unpigmented 
skin areas became quite pink. As the cardiac effect of the drug diminished, 
blood pressure rapidlj' returned to normal and, in most e.xperiments, continued 


T.IlBLE 2 

Effect on systolic blood pressure and pulse rate of the unancsthetized 
deg after oral admtnistration 


1 

COllPCUND 

DOSE 1 

RESULTS 

(Pulse rate/#ystoHc blood pressure) 

Time in minutes 

! 0 1 

5 1 

15 ! 

iO 1 

! » 

60 , 

90 j 

120 


mgm ( 

1 1 









1 *t"i. 









Isuprel Hydro- 

0.1 

|l00/120' 

170/120 

146/120 

ll30/115'140/90 


140/90 


cljloride 

' 0.1 

1 60/150, 

1 76/lSO 

65/170 

1 60/140| 50/135, 

", 



0-1 

65/125, 

108/150 

112/140 

70/130 

58/125 

52/125 



1 

0.2 

SO/130 

94/134 

96/12S] 

I0S/I30, 


1 82/130, 

i 



0.2 

84/156 


116/154 

96/138] 


1 74/13S| 

1 

1 


1 

0.5 

66/146 

I56/12S 

120/118 

S6/124| 

76/120 

70/116 

66/122 


i 

i 1.0 

1 

56/120 

130/170 

132/150 

80/120 

82/1241 

82/126 

90/110 


0-4, 1424 Acetate 

0.2 

64/160 

|218/104* 

190/128 

160/148 

! i 

'120/I50i 

100/150 

' 72/154 

70/158 


0.2 

52/1321 

! S8/13S 

S2/132| 

52/123 

54/130] 

48/136 

t 

i 

i 

0.5 

52/120] 

90/14S 1 

j 

92/130 

i 

100/114 


ISS/126 

1 

1.0 1 

64/]36| 

1 S4/J54 

1 

112/118, 

94/124j 

116/118 

72/114 

'60/136 


* Evidence of nausea; retching. 


to decline to levels distinctly below those of the control period. This effect 
was quite prolonged (table 2). It would seem not improbable that the initial 
rise in sj'stolic pressure resulted from an increased cardiac action. Results 
obtained with the X-sec. but.vl compound were essentiallj' the same as those 
obtained with Isuprel except that this latter substance seems to be somewhat 
more active. 

Effect on the bronchioles. Isolated guinea pig lungs were perfused 
according to the method of Sollmann and von Octtingen, as modified b\’ Thornton 
(3). Histamine acid phosphate was used to induce constriction and the rate of 
flow compared with that following the administration of histamine plus bron- 
chodilator compound. The results obtained are shown in table 3. The two 
homologues are as effeetii-e as epinephrine in antagonizing the bronchoconstrict- 
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ing action of histamine. The bronchodilation induced by ten micrograms of 
either compound lasted for approximately twenty minutes. 

The effectiveness of these substances in preventing bronchoconstriction in 
“experimental asthma” was determined as described below. 

Guinea pigs of 250 to 450 grams weight were used as test animals. The 
animal was confined in a glass container of about four-liter capacity and exposed 
to a 0.2 per cent solution of histamine diphosphate in the form of a finely neb- 
ulized mist. The mist w as produced by a standard commercial model nebulizer 
attached to an air line maintained at a constant piessure of 300 mm. Hg. The 
data w'ere tabulated under two headings, ONSET and DURATION. ONSET 
represents the elapsed time in minutes and tenths, from the time the guinea pig 
was subjected to the histamine mist until obvious symptoms of asthma were 
noted. The criterion was labored breathing, with definite signs of forced 
inspiration. This was frequently preceded b 3 ' sneezing or coughing, but since 
many animals sneezed almost immediatelj' upon breathing the mist this w as not 
taken as an indication of onset. DURATION equals the time elapsing between 


TABLE 3 

Bronchodilator action 
Perfused Guinea Pig Lung Preparation 


coiirousT) 

j RrSPOSSE TO mSTAUISE 

RrSPOVSE TO ItlSTAUiNG + 

0 01 UCU COMFOUVO 


j cc /min 


Isuprcl Hydrochloride 

1 50/33* 

53/55 

(W, 1424 Acetate 

1 44/23 

49/52 

Epinephrine 

' 50/24 

48/49 


• Rate before histamine/ rate after histamine 


the beginning of the exposuie and the time that collapse or asphyxial convulsions 
were observed A si\-minutc period was arbitraiily chosen as the maximum 
time of exposuie to histamine .Animals that did not show signs of toxicitj’ 
within this period wcie considered to be completely protected. A 2-4-hour 
period was allowed between exposure to histamine Both drugs weie given in 
dilute solution and mjeefed intraperitoncally. Fifteen minutes wcie permitted 
to elapse between drug administration and exposure to the histamine mist. 
Results obtained are shown m table 4. Doses as small as 0.025 mgm. 'kgm. of 
either drug caused a significant prolongation in the time of onset of asph.vxial 
signs and diminished the sex erity of histamine shock 

Effect on the ix'ti stix'e The effect of the two homologues on segments of 
guinea pig ileum wa"- determined Iw the method of ^lagnus A dilution of one 
part in ten to forty million e.iu'-ed a reduelion m tonus and motilitjx Epine- 
phrine gaxe comparable icsiilts in these dilution', (table 5), but eoneentrations 
as great as one part in two million caused a strong contracture rather than 
relaxation .\t this eoneeiitiation, the two honiologncs caused onU’ relaxation. 

This inhibitory action on the intestine can be demonstrated on the organ 
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Systolic blood pressure Avas determined in unanesthetized dogs by means of a 
mercury or aneroid manometer to which was attached a cuff specialh' designed 
to fit snuglj' about the thigh. In most dogs, a strong pulse may be obtained 
from the anterior tibial arterj’ along the dorsal surface of the foot and, in these, 
systolic pressure may be determined by palpation. The oral administration of 
0.1 to 0.5 mgm./kgm. of Isuprel caused a marked tachj'cardia which de^'eloped 
rapidly following the administration of the drug. Associated with this increase 
in heart rate, there was usually a rise in systolic pressure. Although pressure 
rose, there was evidence of peripheral vasodilatation, inasmuch as unpigmented 
skin areas became quite pink. As the cardiac effect of the drug diminished, 
blood pressure rapidlj' returned to normal and, in most e.vperiments, continued 

TABLE 2 


Effect on systolic blood pressure and pulse rate of the unancsihethed 
deg after oral odimmslration 



1 




RESULTS 




COUPCUND 

DOSE 

(Pulse rale ',ygtol'C blood pressurtl 

Time in minutes 



i 0 

1 


15 

30 : 

! - 

60 

00 

120 


tngm / 
kgm 


j 


1 

i 

I 

1 

i 


1 

Isuprel Hydro 

0.1 

100/120 

470/120 

146/120 

430/115,140/90 


140/90 

1 

p)il(«ridc 

0.1 

1 60/150 

76/180 

65/170 

! 60/140| 

50/135 

1 




1 0.1 1 

: 05/125 

108/150 

112/140 

1 70/130{ 

58/125 

52/125 

i 



0.2 1 

1 80/130 

94/134 

96/128 

Il08/130j 


82/130 




! 0 2 1 

^ 84/156 


116/154 

96/13Sj 


74/138 



1 

1 

0 5 

66/146 

156/128 

120/118 

S6/124| 

1 76/120, 

70/116 

66/122 


1 

1.0 

56/120, 

130/170 

132/150, 

80/120; 

! 82/124, 

82/126 

90/110 


0-4, 1424 Acetate i 

0.2 

1 

64/160i 

218/104*1 

i 

106/I2SI 

160/148 

120/150: 

100/150 

72/154 

70/158 


0 2 

52/132 

88/138 

82/132 

52/128 

54/130 

48/136 

1 

88/126 


0.5 

52/120| 

1 90/148 


92/130 


[100/114 


i 

1.0 

64/1361 

84/154 


112/118 

94/124 

!i16/118 

72/114 

60/136 










— 


* Evidence of nausea; retching. 


to decline to levels distinctly below those of the control period. This effect 
was quite prolonged (table 2). It would seem not improbable that the initial 
rise in systolic pressure resulted from an increased cardiac action. Results 
obtained with the X-sec. butyl compound were essentially the same as those 
obtained with Isuprel e.Ncept that this latter substance seems to be somewh.at 
more active. 

Effect ox the bro.xchioles. Isolated guinea pig lungs were perfused 
according to the method of Sollmann and von Oettingen, as modified by Thornton 
(3). Histamine acid phosphate was used to induce constriction and the rate of 
flow compared with that following the administration of histamine phis bron- 
chodilator compound. The results obtained are shown in fable 3. The two 
homologues are as effecti\’e as epinephrine in antagonizing the bronchoeonsfrict- 
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ing action of histamine. The bronchodilation induced by ten micrograms of 
either compound lasted for approximately twenty minutes. 

The effectiveness of these substances in preventing bronchoconstriction in 
“experimental asthma” was determined as described below. 

Guinea pigs of 250 to 450 grams weight rvere used as test animals. The 
animal was confined in a glass container of about four-liter capacity and exposed 
to a 0.2 per cent solution of histamine diphosphate in the form of a finely neb- 
ulized mist. The mist was produced by a standard commercial model nebulizer 
attached to an air line maintained at a constant pressure of 300 mm. Hg. The 
data were tabvdated under two headings, ONSET and DURATION. ONSET 
represents the elapsed time in minutes and tenths, from the time the guinea pig 
was subjected to the histamine mist until obvious symptoms of asthma were 
noted. The criterion was labored breathing, with definite signs of forced 
inspiration. This was frequently preceded by sneezing or coughing, but since 
many animals sneezed almost immediately upon breathing the mist this was not 
taken as an indication of onset. DUR.A.TION equals the time elapsing between 


TABLE 3 

Brortctoditalor action 
Perfused Guinea Pig Lung Preparation 


COMroi'NT> 

1 response to HISTAUIST 

1 

RESPONSE TO nlST^UIN£ + 

1 0.01 UC«. COUPOVKD 


1 cc./min 


Isuprcl Hydrochloride 

! 50/33* 

j 53/55 

0-4, H24 Acetate 

44/23 

j 49/52 

Epinephrine 

! 50/24 

1 4S/49 


* Rate before histaminc/r.nte after histamine. 


the beginning of the exposure and the time tliat collapse or asphyxial convulsions 
Were observed. \ six-minute period was arbitrarily chosen as the maximum 
time of exposure to histamine. .Vnimals that did not show signs of toxicity 
within this period were considered to be completely protected. A 2-4-hour 
period was allowed between exposure to histamine. Both drugs were given in 
dilute solution and injected intrapcritoncally. Fifteen minutes were permitted 
^to elapse between drug administration ami exposure to the histamine mist. 
Results obtained arc shown in table 4. Doses as small as 0.025 mgm., kgm. of 
either dvvig caused a significant prolongation in the time of onset of asphyxial 
signs and diminished the .severity of histamine shock. 

Effect on tuf. intestine. Ihe effect of the two honiologucs on segments of 
guinea pig ileum was determined by the method of Magnus. A dilution of one 
part in ten to forty nuUinii caused a reduction in tonus and motility. Epinc- 
pliriiie gave comparable results in thc.se dilutions (table 5), but concentrations 
as great .as one part in two million caused a strong contracture rather tlian 
relaxation. At this eoneentnitioii, the two honiologucs caused onlv relaxation. 

'I'his inlvihitorj- action on the intestine can be demonstrated on the organ 
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TABLE 4 


Prolecliie action in guinea pigs exposed to histamine mist 


COUPOUSD 

DOSE 

i 

I RESULTS (l\ UINUTES) i 

VO or 
txrzti 

Before Medi 
cation 

After Medication j 

On«ctt 

Dura 
tiont 1 

Onset 

Duration* 


mgm /kgtfi 1 



1 


■i 

Isuprel Hj dro 

IN 

0 8S 

i 1 43 

2 78 

3 66 

M 

chloride 


liKil 

; 1 52 

3 06 

>6 00 in SIX experi- 

mm 


0 250 

1 35 

2 76 

>6 00 

ments 


0-4, 1424 Acetate 



1 30 

2 66 

3 74 

10 


* A si\ minute interval nas arbitrarilj chosen as the nia\imum time of exposure to 
histamine Animals not shon iiig s\ mptoms « ithin this period n ere considered to be com 
pletely protected 

t Elapsed time betneen the beginning of exposure and the onset of respiratorj difficult) 
t Elapsed time between the beginning of exposure and the onset of collapse or asphi'xnal 
convulsions 


TABLE 5 


E£'ect on the intestine and uterus 


Organs Excised 



1 ILEU&t 



UIXRUSt 


COlfPOLVO 

1 Guinea Ttg 


Rabbit j 

1 Guinea Piff 

i 

Dilution 

j Effect 

Dilution, 1 

j Effect j 

Dilution 

Effect 

1 

Isuprel Hj drochlonde | 

50M(illion) 

lOOM 

H 

20M-40M 

B 

4JI-10AI 

I 

0-4, 1424 Acetate 

10M-20M 

n 

IOM- 2 O 1 M 

■■ 

4M-10M 

I 

Epinephrine | 

10M-40M 

H 

lOM 

E* 

4M 

E 


Organs in situ 


j 

i 

COMPOUND 

i 

DOSE I \ 

RAB8IT ILEUU ^ 

RABBIT COLOV 


Duration of 1 
inhibition 

Duration of 
inhibition | 

Effect 



mgm /igm 

mittuiet 

mtnuiej 

1 

minuics 

Isuprel Hjdrochlonde 

0 25 

28 




1 

0 11 


17 




0 50 



1 I 

1 

17->20 

0 - 4 , 1424 Acetate 

0 50 

10-15 


1 



0 10 


t 10 

i 



0 50 



I 

S— K. 

Epinephrine 

0 OI-O 10 


j 

E 

3—6 


* 1 = inhibits, E = excites 
t Non grand uteri were used in all instances 
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in situ. Motility and tonus of the rabbit small intestine and colon were recorded 
by the method described by Jackson (4a). Doses of 0.05 to 0.30 mgm./kgm. 
caused a prompt reduction in tonus and motility (fig. 3 and table 5). The results 
obtained suggest that the N-sec. butyl derivative is slightly less effective than 
Isuprel. 

dSpFECT ON THE UTERUS. The effect of these substances on the isolated non- 
gravid uterus of the rabbit and guinea pig was determined as described above 
for the intestine. Pitressin was added to the bath solution to induce activity 
when the segment did not contract spontaneously. The results obtained are 
shown in table 5. Both derivatives caused inhibition of motility in high dilution 
n both animal species. By comparison, epinephrine in these dilutions caused 

W: B 




'J 


■ V .■ 


^ / 


f Si 


i 




FjO. 3. lliiFECT ON THE KaBBIT OOLON IN SSlTU 

A. N-sec. butyl derivative (B 33) in an intravenous dose of 0.1 mgm./kgm. 

B. Isuprel HCl (B 17) in an intravenous dose of 0.1 mgm./kgm. 

Time intervals in minutes. 

stimulation. Rabbits treated ■with dicthjdstilbestrol, 3 micrograms/kgm. every 
second day for a total of G injections, were prepared in the manner described by 
Jackson (4b) for the recording of the motility of the uterus, in silu. Both 
homologues, in intravenous doses of 0.5 mgm./kgm., caused strong inhibition 
of uterine motility (table 5). By comparison, epinephrine, in intravenous doses 
of 0.01 to 0.10 mgm./kgm., caused strong tonic contraction of this organ. 

Toxicity. Acute toxicity was determined in albino mice by intraperitoneal 
injection. All mice wore from our own colony, weighed 15-21 grams, and both 
before and during the test were housed at a constant temperature of 76°F. 
Deaths occurring within 72 liours were recorded. Examination of table 1 shows 
that the two derivatives arc of comparable toxicity and that both arc much less 
toxic than epinephrine. 
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TABLE 4 


Proleclive action tn guinea pigs exposed to histamine mist 


COifPOUVD 

1 

DOSE 

j JtESrLTS (iv MIMITES) j 

VO or 
rrrrii- 

MEVTS 

Before Medi- 
cation 

After Medication 

Onsetl 

Dura- 

tiont 

Onset 

Duration* 


mgm /hgm 





■■ 

Isuprel Hydro- 


0 8S 

1.43 

2. 78 

3.66 


chloride 


0 76 

1 52 

3.06 

>6.00 in si\ e\peri- 

■■ 



1 35 

1 

2 76 

>6 00 

ments 


0-4, 1424 Acetate 




2.66 

3 74 

10 


* A six minute interval ^as arbitrarily chosen as the maximum time of e\*posure to 
histamine Animals not shoi\ing symptoms uithin this period were considered to be com- 
pletely protected 

t Elapsed time bclw een the beginning of exposure and the onset of respiratory difficulty. 

I Elapsed time between the beginning of exposure and the onset of collapse or asph^Aial 
convulsions. 


TABLE 5 


Effect on the intestine and uterus 


Organs Excised 



itEtai 

1 

i 


PTESUst 


couroevD 

Guinea Vtn 

1 

1 

Rabbit 

1 Guinea Pig 


Dilution, 

Effect 

Dilution, j 

Effect 

Dilution 1 

Effect 

Isuprel H 5 ’drochIonde 

* 50M(iIIion) i 
lOOM 

1 

I* 1 


I 

1 

i 

4iM-10AI 

I 

0-4, 1424 Acetate 

10.M-20M 

r 

10M-20M 

I 

4M-10M 

I 

Epinephrine 

lOM-lOM 

I 


i E* 

4M 

E 


Organs in situ 


COUPOUVD 

POSE I \ 

RABBIT ILEUai 

RABBIT COtOV 

RABBIT UTERUSi 

Duration of 
inhibition 

Duration of 
inhibition 

Effect 

Duration 



mtnuifs 

minutes 


minutes 

Isuprel Hydrochloride 

0 25 

2S 





0 11 


17 




0 50 



! I 

17->20 

0-4, 1424 .\celatc 

0 50 

10-15 


! 



0 10 


10 

i 



0 50 




8 — 16 

Epinephrine 

0.01-0.10 


1 

E 1 

3 — 6 


* I = inhibits, E = excites 
f Xon-gravid uteri were used in all instances. 
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SEMXtARY 

1. The replacement of the N-methyl group of epinephrine by -isopropyl or 
-sec. butyl groups results in compounds that are strongly depressor. This 
depressor action is comparable to that sometimes elicitable with epinephrine. 

2. The homologues of epinephrine have a direct stimulating effect on the heart. 

3. The X-isopropyl and -sec. butyl homologues of epinephrine dilate the 
bronchioles, relax the small intestine, colon, and uterus, when present in high 
dilution. 

4. The N-isopropjd homologue appears to be somewhat more effective than 
the X-sec. butyl homologue. 

5. The possible role of these agents as sj-mpathin I-mimetic agents is discussed. 
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The effects of daily oral administration of Isuprel were determined. This 
drug was incorporated into a standard rat diet to make 0.5 per cent bj' weight, 
and this mixture was given as the only source of food to 20 weanling rats for 
7 weeks. There was no significant difference between the rate of growth of 
these rats and that of a comparable control group. A complete pathological 
e.xamination was made. No changes suggesting to.xic effects of the drug were 
noted. 

Discussion. The fall in blood pressure sometimes resulting from the intra- 
venous injection of small amounts of epinephrine is a well-known phenomenon. 
The investigations of Cannon and Lyman (5), Hartmann (6), and Hartmann and 
ICilborn (7) have shown this effect to result from peripheral vasodilatation. 
Konzett (lb) has recently reported that vasodilatation is prominent with the 
N-propyl, -isopropyl, -butyl, and -isobutyl homologues of epinephrine. This in- 
vestigator has found that the N-isopropjd homologue dilates the coronarj^ vessels; 
is an effective bronchodilator; relaxes the isolated rabbit jejunum; and is inthout 
effect on the gravid uteri of rabbits or on the denervated nictitating membrane 
of cats. Such effects might be expected to result from a suppression of the 
e.xcitatoi'y (sympathin E) effects of epinephrine or to result from a modification 
of the molecular structure of epinephrine so that specific stimulation of the 
depressor mechanism results. Lands, Rickards, Nash and Hooper (2) have 
reported that depressor effects are prominent with the homologues of l-(p- 
hydro.xyphenyl)-2-aminoethanol when one of the hydrogens on the nitrogen has 
been replaced by ethyl, isopropyl, secondary butyl or tertiarj’’ butyl groups; 
but not when replaced by propyl, butyl or isobutyl groups. It was further shown 
that the removal of the beta-hydroxyl group from the side chain led to a loss 
of the specific effects described. This suggests that there are definite structural 
requirements for depressor effects comparable to those that have been described 
as essential for pressor effects. The results obtained in the experiments reported 
in this communication have shown that the secondary butyl homologue is 
qualitatively equivalent but slightly less potent than the isopropyl homologue. 
Both of the above substances closely resemble their l-(p-hydrox}’phenyl)-2- 
aminoethanol analogues. Cannon and Rosenblueth (8) have postulated that 
sjmipathetic inhibition leads to the liberation into the blood stream of a sub- 
stance capable of causing inhibitoiy effects on other sympathetically innervated 
structures similarly affected by epinephrine. In that sense, the N-isopropyl and 
N-sec. butyl homologues of epinephrine described here may be designated as 
sympathin I-mimetic agents. When present in the blood stream in high dilu- 
tion, they lower blood pressure, dilate the bronchioles, relax the uterus, small 
intestine and colon, and apparently do not cause contraction of the denervated 
nictitating membrane (N-isopropyl homologue described bj' Konzett, lb). 
However, the stimulating effect on the heart would seem to be an exception to 
this generalization. Cannon and Bacq (9) have shown that S 3 ’mpathetie 
discharge into the uterus and bladder will cause acceleration of the denervated 
heart. It is not improbable that this acceleration resulted from the liberation 
of excitatorj^ (sj'mpathin E) rather than inhibitorj' (sj'mpathin I) substances. 
The cardiac effects of sympatliin I appear not to have been determined. 
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a suitable time before the protein A translation of this paper has not been 
available to us (although ne did get the conclusions translated) and ne do not 
knoiv the details of his work, Lavollay and Neumann (12) stated that in the 
anesthetized dog quercitrin protected the animal from the profound drop in 
blood pressure observed in peptone shock. The present report is concerned 
ivith those of our studies on rutin related to the papers mentioned above. 

EvrERiMESTWi Aclwn of ru(in on excised tnlesline Segments of guinea pig eolon 
were suspended m 50 ml of aerated Ringer-Locke solution maintained at a temperature 
of 3S°C. Epinephrine hj drochloride w as added to the bath in such amount as to cause 
clear but not maximal relaxation, and the rutin solution to be tested had a concentration 
of 1 mgm per ml The rutin' n as dissolved m hot n ater from n hich it n ould precipitate 
gradually on cooling 

The protective action of rutin on epinephrine as observed by LavoUa 3 ' nas 
verified, 0 2 mgm of rutin in 50 ml of bath ahi aj's prolonged the action of 


Fig 1. The Proloxged Action of 10 Gammx of EnNXPHmxE in the Presence 

OF UUTIN 

E = epinephrine, R = rutin The amounts of rutin m the 50 ml of bath nere 0 2, 
0 4 (0 2 + 0 2) , and 10 (0 2 + 02 + 0 6) mgm The rutin had no direct affect on the muscle 
strip 

the epinephrine, lower concentrations failed to do so. The time of prolongation 
was found to be directly proportional to the dosage of rutin (fig 1). Ordinarily 
the degree of relaxation due to epinephrine was not modified by the presence of 
rutin although occasionally the relaxation was augmented, k single dose of 
rutin, if left m the bath, was effective in prolonging the action of several doses 
of epinephrine 

ln,\ollay (14) has stated that the flavonols which he studied had no direct 
action on the guinea pig colon With the lower of those concentrations which 
would protect the action of epinephrine we confirmed his statement However, 
when tlm concentration of rutin was increased there was sometimes a direct 
action of the lutin on the intestinal strip (fig 2) .Addition of 0 5 mgm. of rutin 
to 50 ml of bath c.TUNcd infrequent relaxation,! mgm per 50 ml led to relaxation 
about once in e\ erv three times and higher concentrations about half of the time. 

>TUc nilin was furnisbcd us 1)> the Eastern Regional Researcli Laboraton of the U, S. 
Department of Agriculture, PhiKdclphm 
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Rusznj-ak and Szent-Gyorgyi (1) announced in 1936 that they had found 
indications of a nutritional factor which influenced capillarj" permeability. 
They called it vitamin P (“P” for permeability). Zacho (2) was able to produce 
capillary fragility in guinea pigs and then cure it with vitamin P and Rusnyak 
and Benkd (3) did the same with rats. However, others were not as successful, 
and evidence for the factor remained uncertain (4). Scarborough (5) obtained 
clinical results supporting the e.vistence of the vitamin. Bacharach, Coates, 
and Middleton (6) stated that they could utilize the prevention of capillary 
fragilitj' of guinea pigs as an assay procedure. Recently, following the paper 
of Griffith, Couch and Lindauer (7), there have been a number of fai'orable 
reports (5, 8, 9) from clinicians on the efficacy of rutin in patients with increased 
capillary fragility. All preparations so far tested which have a vitamn P 
activity have been found to be related to the flavonols, and of them, rutin 
(quercetin rhamnoglucoside) can be prepared readily' in pure form (10). While 
clinical evidence accumulates that some such factor e.vists, experimental evidence 
is scanty. Positive results have been indicated above. Others have been unable 
to confirm their findings, although published reports of such negative results 
are few. This paper is not an argument for or against the e.xistence of vitamin P, 
but we have used the term because it is convenient and is established in the 
literature. 

Reports of pharmacological studies on vitamin P are few, largely', perhaps, 
because the substances supposed to have vitamin P acitivity' produce no striking 
phy'siological actions. Wilson, Mortarotti, and Doxtader (11), for example, 
found no acute or chronic toxicity with large doses of rutin. The papers to be 
reviewed here are those which apply most directly to the work to be reported. 
The most extensive pharmacological studies come from a French group (12, 13) 
investigating the activity on isolated organs of the guinea pig of a number of 
flavonols and related compounds. They concluded that these derivatives 
had no direct action on the isolated intestine (Lavollay, (14)), but that by' 
means of their antioxidant properties, they' protected epinephrine from de- 
struction so that its effect was prolonged (Lavollay' (15)). Lavollay' and Neu- 
mann (12) reported that quercitrin would prolong the action of epinephrine 
on blood pressure in the dog. Parrot (IG) could not confirm this, although 
with epicatechin (a substance related to the flavonols), he obtained a prolonged 
epinephrine contraction of the nictitating membrane of the cat. 

Hiramatsu (17) gave “vitamin P (hesperidin)” to guinea pigs and found 
that there was protection from anaphy'lactic shock if the substance were given 
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a dose was determined to be 0 25 mgm of histamine base per kilogram of body weight. 
The injections were ordinarily into the jugular ^eln after the vein had been evposed follow- 
ing procaine anesthesia Occasionally injections were made into the femoral vein, also 
with procaine anesthesia 

The results of this e\periinent ate tabulated in Table 1. It was noticed that 
considerable protection against histamine shock was obtained w hen rutin 
had preceded the histamine by certain intervals An injection of rutin 10-30 
minutes before the histamine considerably increased the percentage of suiviving 
animals, but with longer inteivals between the two drugs the mortality was as 
great as that of the controls That the protection w as not instantaneous and 

TABLE 1 


Effect aj rutin on histamine shod 



RUTIK 

HISTVMt'.r 

seMBtR or 
\M«\LS VSET> 

NUUQFR SUR 
MMNC 

FFR CENT 

SUR\ IM'IC 

Controls 

Rutm, no liistamme 

TrtSm 

a 1 V 

tncpi /kf: 

, 0 

2 

2 

100 
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Rutm (1 per cent solution m 5 per cent ethyl alcohol) gi\cn intrapentonealh , 1 ml per 
animal, cveepl where otherwise noted Histamine injections were intrayenous 


prcsumahly was not a duect antagonism between lutin and histamine was shown 
when 5 mgm of rutin solution was mixed with the appropriate do^e of histamine 
and injected mtiaxenoudy A smallei (juantitj of rutm was used in this case 
to keep the volume of the intravenous injection as small as possible, even so, 
the concentiation of intin m the blood stream must have been highei than oc- 
cuned when 10 mgm weic injected mtiapoiitoneallx’ Theie was no protection 
of the animals when this loutine was puicticed The deaths of the animals 
cannot ho attiihutcd to the lutin itself because 5 or 10 mgm of rutin injected 
intiaxcnonsh did not ombaii.iss the animals in any degree Xor was the pro- 
tection due to the alcohol in the solution as 1 ml. of 5 pci cent ethyl alcohol 
20-30 mmules befoie the histamine did not modify the mortality 
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Quercetin, the aglycone of rutin, was much more effective and constant in 
causing relaxation of intestinal strips and in prolonging the relaxation produced 
by epinephrine. The actions on intestinal strips of histamine and acet 3 dcholine 
were not modified b 5 '^ rutin. 

Action of rutin on histamine shock. Hiramatsu (17) has reported on the 
protection of guinea pigs from anaphylactic shock bj' pre-treatment uitli vitamin 
P. In a preliminary studj', which is not being reported in detail because the 
data are too meager, we were unable to confirm this finding. However, the 
following experiment demonstrated that rutin would protect against histamine 
shock under specific conditions. 

A ^ 



I 

Fig. 2. Direct Action of Rutin on the Intestinal Strip 

In A, 3 mgin. of rutin caused a prolonged relaxation with little action on peristalsis. 
In B, 2 mgm. of rutin caused relaxation, and a further and greatly prolonged relaxation 
occurred when epinephrine was added. Time in minutes. 

Guinea pigs were used, 73 per cent of them weighing between 200 and 350 grams; those 
outside these limits reacted in the same manner as the majority. BotJi se.ves were repre- 
sented with no difference in reaction between them. The guinea pigs were placed on a 
scorbutic diet because such a diet was comparatively free of flavone derivatives- and would 
lead to more easily controlled conditions. Five mgm. supplements of ascorbic acid were 
given each animal four times weekly and a 10 mgm. supplement on Friday. After remaining 
on this diet for one or two weeks the animals were considered ready to use. 

A one per cent solution of rutin in 5 per cent ethyl alcohol was injected intraperitoneally. 
Such a solution is readily prepared by heating and can be injected immediate!}' after cooling, 
before crystallization again occurs. The dosage wa.s ordinarily 1 ml. (10 mgm.) per animal. 
Histamine dihydrochloHdc was injected intravenously in such amount as to kill, by bron- 
chial constriction, about half of the animals; under the conditions of this experiment such 

=Tho diet consisted of dried skim milk (2S parts), brewer’s yeast (4 parts), rolled oats 
(24 parts), wheat bran (42 parts), and cod liver oil (2 parts). To e.vamine for the presence 
of flavonol derivatives, the various constituents of this diet were extracted with ethyl 
alcohol in a Sohxlet extractor for twenty-four hours and the dried extracts were tested by 
means of the boric acid color reaction (18) and by the c.yanidin method (19). Both methods 
indicated negligible quantities of flavonol derivatives. 
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The guinea pigs were 300 gram albinos placed on the scorbutic diet mentioned earlier, 
or on the same diet modified by the elimination of the yeast. Supplements, where used, 
were given daily, Monday through Friday (with a double dose on Friday) by pipette 
5 mgm. of ascorbic acid for prevention or cure of scurvy and 10 mgm. of rutin (1 per cent 
solution in 5 per cent ethyl alcohol) for the possible prevention or cure of capillary fragility . 
The negative pressure method was used for determining capillary fragility — the measure- 
ments usually being made on Friday so that the varied schedule over the week-end would 
have a minimal effect. Essentially, the method as described by Bacharach, Coates, and 
Middleton (6) was employed, although they cautioned against the use of a depilatory, 
while we found that there was less skin trauma when using a depilatory than after shaving. 

The folloiving three groups of animals were studied; (1) ascorbic acid was 
administered to all and rutin to half of the animals in this group. No scurvy 
developed in any of these animals. (2) Scurvy was developed in all animals 
with subsequent cure — half of the guinea pigs receiving rutin from the beginning 
of the experiment. (3) The same as group (2) except that the rutin supplements 
began after scurvy had developed. We could discover no correlation between 
the negative pressure required to produce petechial hemorrhage and the presence 
or absence of rutin. There was little correlation between the results of the two 
observers, and indeed, there was sometimes a marked discrepancy in the two 
readings made by a single observer on adjacent areas of skin of a single animal. 

Discussion. The protection of epinephrine by flavonols in isolated organ 
experiments, as demonstrated by the French workers, has been confirmed. 
The protection is proportional to the dose of rutin, and the rutin is effective for 
a considerable time if allowed to remain in contact with the muscle strips. 
There appears to be no toxic action on the isolated intestine. Unlike the French 
group we found that with increased dosage of rutin and with quercetin that a 
direct action on the muscle strip was sometimes obtained. This action consisted 
of a decrease in tonus and an epinephrine relaxation could be superimposed 
unless the initial direct reaction was extreme. 

Protection of guinea pigs from histamine shock by preliminary treatment 
with rutin is clear but not spectacular. The conditions which favor this pro- 
tection are quite specific in that too short or too long a time between the two 
substances leads to no protection against death. It is possible that concentration 
of the rutin would be a factor also, although in these experiments variation in 
the dosage of rutin was not studied. Our inability to confirm Hiramatsu’s 
conclusions on the protective action of vitamin P in anaphylactic shock may 
well be due to differences in experimental procedures between his work and ours. 
Details of his work are not available to us, and we used too few animals in 
anaphylactic studies to check his conclusions adequately. 

This protection against asphy.xial death from histamine is not a direct antago- 
nism of histamine by rutin but is mediated in some indirect manner. Using 
isolated organs (lung or intestine), little or no modification of histamine con- 
traction was obtained by the simultaneous administration of rutin. The 
mode of action of the rutin in protecting against histamine shock cannot be 
stated at this time, but a tentative suggestion can be made. The intestinal 
strips clearly indicated that rutin protects epinephrine from rapid destruction. 
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One group of four animals on the scorbutic diet «'as fed nitin by pipette, 
10 mgm. per day. One day after the last rutin supplement, these animals were 
injected intravenously with histamine, without protection. 

Action of rutin and histamine on isolated organs. In the preceding section 
it was shown that under certain conditions rutin would protect guinea pigs from 
asphy.xial death due to histamine. However, it was indicated that the action 
was probably not a direct one between the rutin and the histamine. To study 
this further, isolated guinea pig lungs were used for bronchiolar perfusion. 
The technic of Thornton (20) as modified by Ambrose and DeEds (21) was used 
and the perfusing solution was that of van Di’ke and Hastings (22), either alone 
or containing 3 mgm. per-cent of rutin. In all four experiments performed in 
this way, it was found that the amount of constriction due to histamine was as 




f. 



Fig. 3. Broxchial Perfusion' op Isolated Guixea Pig Lungs 

Histamine caused constriction, with a resultant rise in the pressure of the ss'Stem. In 
the presence of 3 mgm. of rutin in each 100 ml. of perfusate, the constriction with histamine 
was as great as before. 

great when the perfusate contained rutin as it was in its absence (fig. 3). Using 
strips of guinea pig colon, it appeared that constriction from histamine was 
about as great in the presence of rutin as in its absence. These are further 
indications that the action of rutin in histamine shock was not direct. 

Capillary fragility in the guinea pig. In the introduction the results of 
Bacharach, Coates, and ^Middleton (0) were cited showing that in their hands 
it was possible to use the capillarj' fragility of guinea pigs to assay vitamin P 
activit\’. LavoIIay and Serestre (23) have used guinea pigs successfully to 
determine vitamin P activity, but they have not been able to produce capillary 
fragility under the conditions of Bacharach’s experiment, where the animals 
are protected from scurvy by ascorbic acid. Other workei's, mostly bj' word of 
mouth, have indicated that protection of e.xperimental animals against capillary 
damage was frequently not successful. For the benefit of the record, our 
negative result.s are included as a possible aid to othei’s frying to use this method. 
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on guinea pigs was not effective. A modification of this method, or some other 
method that would work in all laboratories, is highly desirable. 

Following the completion of this paper our attention has been called to the 
report of J. L. Parrot and G. Richet in the Compt. Rend. Soc. Biol., 139 : 1072- 
1075, 1945. These authors demonstrated an increased sensitivity to histamine 
in scorbutic guinea pigs and reported that this increase is decreased by vitamin 
P administration. 
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If the epinephrine which is being liberated in a normal manner by the animal is 
protected by rutin, the epinephrine concentration in the blood should rise 
slightly due to decreased destiniction. Introduced histamine would then have 
less effect on the animal. When rutin is given simultaneously with the histamine, 
histamine action occurs before an increased blood concentration of epinephrine 
can be achieved. When the period between introduction of rutin and histamine 
is prolonged, it is conceivable that the rutin has been destroyed or excreted, 
in which case the epinephrine level of the blood would not be above normal 
levels. 

The increase in blood epinephrine cannot be great. This is shown by the 
fact that protection of the animals from histamine shock was not spectacular, 
but required a number of animals to make the results significant. We have 
some preliminary unpublished experiments suggesting that, sometimes, there 
is an increased epinephrine content in the serum of guinea pigs treated with 
rutin, but because of the unsatisfactorj’- nature of blood-epinephrine determi- 
nations, and the apparently slight amount of the epinephrine rise, a clear-cut 
demonstration of such a change has not yet been achiev'ed. This work \rill be 
reported in more detail later. 

A method of assay of vitamin P activit 3 ' is a highlj' desirable and, in fact, 
necessary tool. It is unfortunate that the measurement of capillarj' fragility 
in experimental animals, a method which works so satisfactorily in some labo- 
ratories, cannot be applied to all in certain others. There is some condition 
which is not apparent which must be unconsciously observed bj' some of the 
workers and not by others, and until this condition is realized and published, the 
capillary' fragility method will be unsuitable for assaying vitamin P potency'. 

CO.VCLUSIONS AND SUMMART 

1. Rutin prolongs the action of epinephrine on intestinal strips. The pro- 
longation is presumably' due to a protection of the epinephrine from oxidative 
destruction. 

2. In somewhat larger concentrations, rutin sometimes has a direct relaxing 
action on the intestinal muscle. 

3. Administration of rutin intraperitoneally' to guinea pigs decreases the 
mortality due to an approximately LDn, of histamine, if the rutin precedes 
the histamine by' 10 to 30 minutes. Simultaneous introduction of the two sub- 
stances does not decrease the mortality, nor is there protection of the animal 
if the time between the two drugs is as much as 45 minutes to an hour. 

4. That the protection against histamine is indirect is shown by the absence 
of protection when the two drugs are injected simultaneously', and by lack of 
antagonism on perfused isolated bronchi and on strips of guinea pig colon. 

5. It is tentatively' suggested that the protection of the animals from hista- 
mine shock is due to a slightly increased epinephrine level in the blood. Rutin, 
by' an in vivo retardation of epinephrine destruction, would lead to an increase 
in epinephrine concentration. 

G. In our hands, the capillary fragility' method for assay'ing vitamin P activity 
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tion. The writing point consisted of a very light swinging pendulum thus allowing for 
very little friction. In the experiments in which electrical stimulation was used the stimuli 
consisted of brief shocks from a square-wave generator. The electrodes consisted of a 
platinum wire immersed in the fluid of the cannula and a cotton wick tipped copper wire 
in contact with the surface of the heart. The salt solution (Clark) employed had the follow- 
ing composition, sodium chloride, 0.65 per cent, potassium chloride 0.014 per cent, calcium 
chloride (anhydrous) 0.012 per cent, sodium bicarbonate, 0.03 per cent. The pH was about 
7.6. 

lodosobenzoic acid and para-chloromercuric benzoic acid were used as their sodium 
salts. Solutions of all reagents were prepared immediately before the experiments and 
their hydrogen-ion concentration was adjusted to that of the pormal Clark’s solution and 
was kept between pH 7.5 and 7.8. All the experiments were conducted at room tempera- 
ture between 23 and 25®C. 

Results. I, The effect of oxidizing agents, (a) Porphynndin. In concen- 
trations of 1 X 10”* to 2 X 10"* (3.7 to 7.5 X 10'* M) porphyrindin caused an 
mmediate and gradually progressing systolic effect ^vhicll terminated in systolic 
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Fig. 1. The Action- of Porphyrindin Upon the Isolated Frog Heart 

At arrow, porphyrindin 2 X 10"’. The numbers indicate heart rate per minute. A, 
auricle. Time in 30-sccond intervals. 

standstill in a period of approximately 30 minutes (see fig. 1). Occasional 
extrasj'stoles but no auriculo-ventricular block were observed during this period. 
The auricles continued beating after the ventricle had stopped. The effect of 
the above concentrations was not reversible after repeated washings with Clark’s 
solution. 

Concentrations of porphyrindin of 1 X 10"^ to 2 X 10"* produced a pronounced 
increase in the amplitude of contraction which gradually disappeared as the 
solution of porphyrindin in the cannula was losing its strong violet color. This 
change in color was due to the transformation of porphyrindin to its leucobasc 
by a process of hydrogenation. In one experiment in which porphyrindin, 2 X 
10"*, was used the increased amplitude of contraction lasted for 90 minutes. At 
the end of this time the action of porphj-rindin was no longer evident since the 
solution was almost colorless. 

As the concentration nccessarj- to cause complete systolic effect was often as 
high as 2 X 10"’ no attempt was made to study the relation between concentra- 
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The discovery of the presence of electronegative sulfhydrjd groups in a large 
variety of enzymes has been a subject of considerable attention in the last few 
years. Sulfhydryl groups have been demonstrated among certain hydrohdic, 
proteolytic and oxidation enzjnnes. Recently Barron and Singer (1, 2) have 
demonstrated that their presence is essential for the activity of a considerable 
number of enz 3 'mes concerned with the metabolism of carbohj'drates, fats and 
proteins. For a recent review of the subject see (1, 2). 

The achievement of systolic standstill on the isolated frog heart by specific 
reagents which combine with the sulfhydrjd groups of the sulfhj'drjd-containing 
enzymes has been described recentlj’ by one of us in a preliminary note (3). 
The fact that the systolic effect caused by the peroxide-forming alpha-beta and 
beta-gamma angelicalactones (4) could be prevented by cj'stine and glutathione 
lead to the idea that the effect caused bj' certain pero.xides upon the isolated 
frog heart could be mediated by an oxidation process which would interfere with 
the normal functions of the sulfhydryl enzymes. 

In the present paper we report in detail the action of certain specific sulfhydryl 
reagents upon the frog heart and the effect of the addition of free-SH groups in 
preventing and reversing the effects of such reagents. The sulfhj^dryl reagents 
selected by Barron and Singer, and by Hellerman, Chinard and Dietz (5) as the 
most specific and reliable have been used by us in the experiments described 
below. These reagents are; two oxidizing agents, porphjTindin and sodium 
ortho-iodosobenzoate; an alkylating reagent, iodoacetamide; two mercaptide- 
forming compounds, sodium para-chloromercuric benzoate and 3-amino, 4-hj’'- 
droxy-benzene-arsenous hj^drochloride. 

Porphyrindin is an oridation-reduction dye, a derivative of diazine, which is 
not commercially available. The porphyrindin as well as the iodoacetamide used 
in this study were prepared bj’ Dr. E. S. Guzman-Barron. lodosobenzoic 
acid and glutathione were obtained from Eastman Kodak. Para-chloro- 
mercuric benzoic acid was prepared by Dr. Leslie Hellerman, and the arsenical 
compound was generously supplied by Parke Davis and Company. 

Methods. The e-xperimenta were carried out throughout the year on male frogs 
(Rana Pipiens) weighing from 30 to 40 gm. The Straub-FUhner technique was used. Prep- 
arations which leaked even very slightly were promptly discarded. The inscriptory 
lever was balanced with plastiline for optimal weight compatible with satisfacto ry- inscnp- 

* Part of the e.xpenses of this work were defrayed by a grant to one of us (Rafael Mendez) 
from the Ella Sachs Plotz Foundation. 
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velopcd, however, after a period of several minutes. During this period the 
ventricle was apparently stopped, but no electrogram was taken to ascertain 
whether there was a travelling wave of excitation. The sj'stolic effect of iodo- 
acetamide was accompanied by an increase in heart rate. 



riO 3 lODOACpTAMlDE 

Itclatuin bct^\ce^ molar coucontr.ation of lotloacelamide and time necessary to cause 
systohr standstill The liolloM portion of the first column on the left represents the delay 
in the production of systolic st.andstill when lodoacctamide w.is replaced by glutathione 
25 minutes after applic.itioti of the former (2 experiments) 

III The effect af the mci captulc-forimixg compounds, (a) tSodium-para- 
cldoromcrcunc btnzoah 'I'lic xtttdv of the mcrcaptide-forming compounds was 
not ft'' stmplo as that of the oxidizing agents and iodoacetamide. Complete 
systolic effect was obtained only when high eoncent rations were used. Low 
concentrations caused a picdonnnantly diastolic effect 

.V conccntiafion of 2 X lO"® (SOX 10“^ M) of para-chloromercuric benzoate 
did not produce consistent lesiilts. Figuix* o represents the aveiage tvpe of 
result obtained with this concentiation In this experiment paia-chloro- 
ineienric bonzo.ite caused a puicly depiessant effect with normal ihythm and 
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tion and time taken to cause sj'stolic standstill. All the concentrations oi 
porphyrindin studied caused a decrease in heart rate. 

(b) Sodium ortho-iodosohenzoate. A concentration of this compound of 2 X 
10~* (8 3 X 10"^ jM ) caused an increase in the amplitude of contraction followed 
by a systolic effect. Systolic standstills as broughtabout in a period of 20 to 30 

minutes (fig 2) Occasional evtrasystoles n ere observed in some e\'perunents 
As a rule no auriculo-i. entricular block was obser\-ed before the \ entncle stopped 
in complete sj'stole. A concentration of 1 X 10~® caused systolic standstill in a 
period of approximately 10 minutes. The systolic arrest caused by iodoso- 
benzoate could not be reversed after repeated washings with Clark’s solution. 
As in the case of porph 3 'rindin concentrations of iodosobenzoate smaller than 
those necessarj' to produce sj-stolic standstill (1 X lO"^ to 2 X 10"^) caused a 
temporary increase in the amplitude of contraction 
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Fig 2 The Action of Sodioji Ortho Iodosobenzo\te on the Isolated Frog Hbnrt 

At arrow, sodium ortho iodosobenzoate 2 X KF' The numbers indicate heart rate 
per minute A, auricle Time in 30 second intervals 

All the above concentrations of iodosobenzoate caused an increase in heart 
rate. WTien concentrations which produce sj'stolic standstill were used, the 
heart iTte dropped as the ventricle was approaching the final stage of the action 
of the compound (see fig 2). 

II The effect of the alhylating reagent, lodoacetamide Sj-stohe standstill of the 
frog \ entncle can be obtained with lodoacetamide in concentrations ranging 
frr .n 1 X 10”^ to 2 X 10"= (5 4 X 10”^ to 1 OS X 10"= M) The relation between 
concentration and time required to cause complete sj stolic effect is expressed in 
figure 3. Each i alue represents the axerage of 5 expenments Concentrations 
of 2 X 10“’ to 5 X 10"’ caused a slight depressant effect of about one minute 
duration followed bj' an increased amplitude of contraction and a sxstohe effect 
which terminated in \ entricular contracture (fig 4) Concentratins of 2 X 10"’ 
to 1 X 10”’ caused an increase in amplitude of contraction wliich terminated in 
ventricular arrest in half or one-thiid sj’stole. Ventncular contracture de- 
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veloped, however, after a period of sevetal minutes. During this period the 
ventiicle ^\as appaiently stopped, but no electrogram ^^as taken to ascertain 
whether there r\as a trar’elling Yave of excitation. The systolic effect of iodo- 
acetamide \\ as accompanied by an increase in heart rate. 
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Itelalion between moUr concentration of lodoacctainido and time necessary to cause 
Bjstolic standstill The hollow portion of the first column on the left represents the delay 
in the production of sjstolie standstill when lodoacetamide w.is replaced In glutathione 
25 minutes after application of the former (2 experiments) 

Iff The effect of the meicaphde-foumitg compounds (a) Sodxum-para- 
cldoromcicunc benzoate The study of the mcrcaptide-forming compounds was 
not as simple tis that of the oxidizing agents and lodoacetamide Complete 
systolic effect was obtained only when high concentrations were used. Low 
content rat ions ctiused a piedominantlj diastolic effect 
A concentiation of 2 X 10'^ (SOX 10'* i\I) of para-chloromerctiiic Ixmzoate 
ilid not produce consistent ipsults Figuic 5 repre-ents the arerage type of 
result obtained with this concentiation In this cxiieriment para-chloro- 
luerciiiic hcnzo.ite caused a ptiiely depie-'sant effect with normal iluthm and 
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decreased amplitude of contraction lasting for 2 to 3 minutes. This was followed 
by a graduallj" developing systolic effect with aiiriciilo-ventricnlar dissociation. 
The systolic effect which brought the ventricle to a stage of approximately two- 
thirds .systole lasted for 15 minutes, but gradually re\'erted to the initial stage of 
depression with normal relaxation and decreased amplitude of contraction. 
The auriculo-ventricular dissociation was still evident at 2 hours, the end of the 
e.xpeiiment. In one experiment out of 10, the above concentration caused a 
systolic effect uncomplicated b\’ conduction impaii-ment and brought the \-cntricle 
to a permanent state of two-thirds systole. 
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Fig. 4. The .\ctio.n- or Iouovcet.\aiidc o.x the Isoeated Frog Heart 
At arrow, iodo.Tcctiiinide 1 X 10'“. The iiumhcrs indicate lieart rate per minute. Time 
in 30-second intciA’al.s. 

In order to obtain ventricular contracture para-chloromorcuric benzoate had 
to be used in concentrations of 2 X lO"’ to 5 X 10~h As shown in fig. 0, when 
these high concentrations were used, a ptircly depressant effect was immediately 
produced. This lasted for approximately one minute and teas followed by 
systolic effect. However, before final contracture was achieved, the heart 
stopped beating. Tlie A'entricular contraction was then resumed by means of 
electrical stimulation. In the e.xperiment as shown in fig. 0, after the heart had 
stopped beating for approximately 50 seconds, electrical stimulation was applied 
at a rate of 42 shocks per minute. The decrease in excitability produced by the 
mercurial compound was so pronounced that the intensity of the stimulus had 
to be increased (fig. G, Ei) in order to drive the \-entricle to systolic standstill. 
This effect could not be rcA'crsed by repeated Avashings rvith Clark’s solution. 
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Eleven experiments were made with para-chloromercuric benzoate in a con- 
centration of 2 X lO**. In only 2 cases complete systolic effect was achieved 
without electrical stimulation. Of 12 experiments made with a concentration of 
5 X 10“* electrical stimulation had to he applied in all cases. In one experiment 
with each of the above concentrations the heart stopped beating immediately 
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Fjg. 5. The Action op Sodium Paba-Chlobomercuric Benzoate on the Isolated 

Frog Heart 

At arrow, sodium parachloromercuric benzoate 2 X lCr‘. The numbers indicate heart 
rate per minute. ‘A, auricle. V, ventricle. Time in 30-second intervals. 



Fig. 6. The Action of Sodiusi Paba-Chloromercuric Benzoate on the Isolated 

Frog Heart 

At arrow, sodium parachloromercuric benzoate 5 X 10"*. The numbers indicate heart 
rate per minute. E, electrical stimulation. Time in 30-second intervals. 

after applying the compound. Electrical stimulation failed to produce any 
effect in these 2 cases. 

(b) Thrcc-amino, Jf-^iydroxy-hcnzcnc-arscnous hydrochloride. Eigure 7 illus- 
trates the results obtained with this organic arsenical. A concentration of 
1 X 10~* (4.2 X 10"’ hi) caused an increase in the ampUtude of contraction 
lasting for approximately 15 minutes (fig. 7, A). This was followed by a pro- 
gressive decrease in the force of contraction which ended in diastolic arrest of 
the ventricle in approximately 50 minutes. A concentration of 1 X 10"’ (fig. 
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Fig. 7. The Action- of 3-.’\MiN-o.4-HvDKOxiDE-BENZENE-ARSEN-ors Hi drochloride 

ON- THE Frog Heart 

Tracing A. at arrow, 3-aininoA-hydro\y-benzene-arsenous hj-drocliloride 2 X 10 *. 
Ai, 35 minutes after A. Tracing B, at arrow, 3-amino-4-hydro'cybenzcnearsenous iiydro- 
chloride 1 X lO'L Bi, 14 minutes after B Tracing C. at arrow, 3-amino-4-h3'dro\ybcn- 
zenearsenous hj'drochloride 2 X Id"'. G, gluthathione The numbers indicate heart 
rate per minute. Time in 30-second intervals 

7, B) caused a marked depressant effect followed b 3 ' a slotvlj- developing sj'stolic 
effect with diminished contraction, terminating in ventricular arrest in a state of 
approximatelj' two-thirds sj-stole within a period of about 30 minutes. The 
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degree of final systole obtained with this concentration was not uniform. In 
some experiments complete systole was obtained, while in others the ventricle 
stopped in half systole. In order to provoke ventricular contracture a con- 
centration of 2 X 10~’ had to be used. As can be seen in fig, 7, C, this concen- 
tration caused an immediate depressant effect followed by a rapidly developing 
systolic effect which terminated in complete systole within 15 minutes after 
application. 

This arsenical has a tendency to decrease the heart rate. The decrease in 
excitability caused by the compound was not as pronounced as that produced by 
para-chloromercuric benzoate, since complete systolic effect of the arsenical when 
used in a concentration of 2 X 10“^ was obtained without electrical stimulation. 

IV. The effect of glutathione upon the action of sulfhydryl reagents, (a) Pro- 
tective action. Glutathione protected the heart against the effect of all five 
reagents studied. Complete protection against the effects of the oxidizing agents 
was afforded when they were dissolved in a solution of a glutathione which on a 
molar basis was twice that of the — SH inhibitor. The effect of iodoacetamide 
was prevented when this reagent was dissolved in a solution of glutathione 5 
times as strong as that of the inhibitor. Smaller concentrations of glutathione 
were not studied. For the protection against the effect of mercaptide-forming 
compounds, concentrations of glutathione about 10 times that of the — SH 
inhibitor were used. Not only the systolic effect, but also the diastolic arrest 
caused by the mercaptide-forming compounds, was prevented by the previous 
addition of glutathione. 

(b) Irreversibility. The same concentrations of glutathione used to afford 
protection against the effect of the — SH inhibitors were employed in an attempt 
to reverse their systolic effect. In no case could the systolic effect be reversed. 
Repeated washings with glutathione forcing the solution into the ventricular 
cavity failed to produce any noticeable effect. In the case of iodosobenzoate and 
iodoacetamide, glutathione caused a delay in the time necessarj' to produce 
systolic standstill, but no reversibility could be obtained. The optimal concen- 
trations for these effects were 2 X 10“^ for iodosobenzoate and 2 X 10"^ to 1 X 
10“^ for iodoacetamide. The replacement with glutathione was made at about 
the middle of the period required for the total effect of the above concentrations 
of the reagents (see fig. 3). In the case of the arsenical compound, glutathione 
caused a complete arrest of its systolic effect. This was obtained when the 
glutathione was replaced at approximately the two-thirds stage of the systolic 
action. 

V. The effect of BAL. The slight solubility of BAL in Clark’s solution and its 
toric effect upon the frog’s heart prevented us from studying the action of this 
reactivator upon the effect of the — SH reagents. A concentration of 1 X 10-» of 
B.\L caused a depressant effect upon the frog’s heart which ended in diastolic 
arrest in approximately two minutes. The effect of B.\h in counteracting the 
toxic effects of para-chloromercuric benzoate and salyrgan upon the mammalian 
heart lias been studied recently by Long and Farah (C). 

Discussion. The three categories of compounds used in this investigation do 
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not have any chemical relationship among themselves. The only characteristic 
they have in common is their ability to react with the — SH groups of the srilfhy- 
dryl enzymes. This and the fact that the effect of all reagents studied by us 
could be protected by glutathione suggests that their property to cause di- 
minished relaxation and systolic arrest of the frog' heart is due to their property 
of reacting with the sulfhydrjd groups of the sulfh 5 ’dryl enzjmies. No chemical 
verification of this action has been attempted in this study. The mechanism of 
the combination between the — SH inhibitors and the enzjTue has been discussed 
by Barron and Singer (1). 

Of the two oxidizing agents studied, ortho-iodosobenzoate behaved as a more 
powerful inhibitor than porphj'rindin. This agrees with the results obtained 
by Barron and Singer (1) in their comparative study of the inhibiting effect of 
sulfhydryl reagents on succino.xidase. 

lodoacetamide in a concentration of 1 X 10~* causes systolic standstill in 
approximately the same time as that of iodosobenzoate in the same concentra- 
tion. However, the range of concentration of iodoacetamide to produce the 
same effect is greater than that of iodosobenzoate or porphjTindin. Another 
difference between iodoacetamide and the oxidizing agents is that the former in 
small concentrations causes systolic standstill only after a period of arrest of the 
ventricle in half or one-third systole while the latter in concentration lower than 
those necessary to produce complete systolic effect cause only a temporary in- 
crease in the amplitude of contraction. These differences suggest a more firm 
combination between the inhibitor and the enzjTne in favor of iodoacetamide. 
This suggestion is substantiated by the fact that in isolated enzyme systems the 
combination between iodoacetamide and the enzjune is an irreversible one, while 
oxidation of the — SH groups by the oxidizing agents can be reversed vith 
glutathione. 

"We have no explanation for our failure to confirm in the isolated frog heart the 
result of Barron and Singer, according to whom the enzyme is susceptible to 
reactivation with glutathione after oxidation of the — SH groups with the o.xi- 
dizing agents or after combination with the mercaptide-forming compounds. 
The results of Barron and Singer have been confirmed by Long and Farah (0) 
using mercurial compounds in the heart-lung preparation of the dog. 

A detailed study of the effect of both mercaptide-forming compounds has 
failed to substantiate our preliminary finding (3) that the systolic effect of the 
arsenical compoimd is facilitated by placing a copper wire in the fluid of the 
Straub cannula. The production of systolic standstill with the mercaptide- 
forming compounds is a matter of using tliem in the proper concentration 
(see results). 

Barron and Singer divide the protein — SH groups into two types, “freely 
reactive — SH groups which are readily oxidized and give the nitroprusside 
test when the protein is in the native state and sluggish — SH groups which are 
not oxidized and do not give the nitroprusside test e.xcept after the denaturation 
of the protein”. The oxidizing agents belong to the first group and the mercap- 
tide-forming reagents, to the latter. Our results show that although both types 
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of reagents cause systolic standstill of the frog heart, the oxidizing agents and 
iodoacetamide do it in a way similar in many respects to that of certain peroxides 
(5) and the cardiac glycosides. However, the effect of the mercaptide-forming 
compounds is complicated by their depressant action upon the exxitability and 
the contractility of the ventricular muscle. The differences in the results 
obtained with the two types of reagents are well illustrated in figs. 1, 2, 4, 6, and 7, 
Whether or not these differences are due to the selective combination of any of 
the two types of reagents with any of the two tj^pes of — SH groups could only be 
ascertained by titration of the — SH groups in the heart. The fact that glu- 
tathione protects against both the systolic and the diastolic effects of the mer- 
captide-forming compounds suggests that the two effects are caused by combina- 
tion of the reagents with the — SH groups. 

SUMMARY 

The effect of three groups of specific reagents which combine uith the — SH 
groups of the sulfhydrjd enzjTues has been studied on the frog heart. These 
groups include: (1) two oxidizing agents, porphyrindin and sodium ortho- 
iodosobenzoate; (2) the alkylating reagent, iodoacetamide; and (3) two mer- 
captide-forming compounds, sodium para-chloromercuric benzoate and 3-amino, 
4-hydroxybenzene arsenous hydrochloride. 

All the compounds cause a diminished relaxation of the ventricle which termi- 
nates in systolic standstill. In regard to their action upon the frog heart they 
can be divided into two groups: (1) the oxidizmg agents and iodoacetamide, in 
which the standstill is preceded by an increased amplitude of contraction and a 
systolic effect resembling the effect of the cardiac glycosides and (2) the mercap- 
tide-forming compounds in which systolic standstill is preceded by a depressant 
effect caused by a diminished excitability and contractility of the ventricular 
muscle. In concentrations smaller than those necessary to cause sj’stolic 
standstill the mercaptide-forming compounds produce a predominantly diastolic 
effect. 

Glutathione protects against the effects of all five reagents, but does not re- 
verse their action. 
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Many experiments have demonstrated that diets high in protein and carbohy- 
drate give maximal protection against various forms of hepatic damage, whereas 
a high fat diet will increase the degree of liver damage (1, 2, 3, 4, 5, 6). It is 
also knoim that a low protein or a protein-free diet will increase the amount 
of fat in the liver and produce changes in hepatic function that can be prevented 
by lipotropic substances (7, 8). In 1942 Miller and “RTiipple reported that the 
toxicity of chloroform anesthesia for Protein-depleted dogs was decreased by 
the administration of methionine (9). It was of particular interest that the 
methionine was still effective when given up to four hours after the chloroform 
anesthesia. Beattie et al reported that thereapy with methionine brought 
about recovery in a patient that had ingested 30 to 40 cc. of carbon tetrachloride 
(10). However, there are cases in the literature that have survived larger doses 
of CCh without methionine therapy (11). More recently metliionine has also 
been reported to be of value in the treatment of hepatitis in industrial workers 
resulting from inhaling carbon tetrachloride fumes (12), but little critical evidence 
is pven to support this conclusion. 

The effect of methionine therapy in the experimental animal and man probably 
will depend largely on the previous protein intake. The studies of Miller and 
Whipple with chloroform and methionine were performed with a protein-free 
diet (9). Earlier studies by Bollman did not show any influence of a high protein 
intake on the survival of rats receiving carbon tetrachloride by inhalation (2). 
Shaffer and Critchfield studied the sulfur and nitrogen content of the hver of 
dogs receiving a normal protein intake and CCh, but did not obtain 303’- in- 
dication that sulfur metabolism was increased. The3’ assinned, therefore, 
that methionine was not required in larger amounts (13). Recent studies by 
Drill and Loomis (14) and Shaffer et al (15) have not shown any protective 
effect of methionine against liver damage in dogs produced by CCh when a 
normal protein diet was fed. 

In view of the above reports a more exhaustive study of the therapeutic effect 
of methionine was made at different levels of protein intake, ranging from sub- 
normal to above normal, together 4vith various dose levels of CCh under both 
acute, and chronic conditions. Dogs were utilized, rather than rats, so that 
serial changes in liver function could be followed throughout the time CCh 
was administered. Terminal studies of hepatic patholog3' were also made. 

• This study was aided by a grant from Eli Lilb* and Company and the Fluid Research 
Fund of Yale Universitj’ School of Medicine. 
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Methods. Thirty-four adult mongrel dogs were maintaiD.ed on the laboratory stock 
diet and then transferred to a sjTithetic diet containing 41%, 20%, or S% casein.^ All 
animals were allowed food for a three-hour period each day and the daily food intake was 
measured and calculated as calories consumed per square meter of surface area per hour. 
The carbon tetrachloride was administered with an equal volume of com oil bj' stomach 
tube before the dogs were fed. Changes in hepatic function were studied by means of the 
brotosnlphalein and serum phosphatase, wMeh have been shown to be sensitive methods 
of detecting hepatic dysfunction produced by CCU (16). Serum phosphatase was deter- 
mined by the method of Bodansky (17) and bromsulphalein retention by the method of 
Rosenthal and White (18), After a dose of 5 mgm. of dye per kilo of body weight had been 
injected, a single blood sample was taken one-half hour later, and the concentration of 
dye present was divided by two and one-half. Six per cent retention of dye and 5.00 units 
of phosphatase were taken as the upper linuts of normal. The methionine was admin- 
istered either as an oral supplement or intravenously in doses of 1 gram in 20 to 25 cc. of 
distilled water. At the conclusion of each experiment liver slices were fixed in Bouin’s 
solution and stained with hematoxylin-eosin, and also in 10% formalin for fat staining 
with Sudan IH. 

EESTJLas, Ezyerimml 1. High prolein intake {41% casein) and O.S cc. of 
ecu per kilogram. Dogs 1 to 6 received 0.5 cc. of CCU per kilo of body weight 
on days one and five of the study and Ever function tests performed on the eighth 
day. The methionine was administered intravenously in doses of 1.0 gram 
on the day the CCh was given and on the foUowing day; namely, on days num- 
bered one, two, five and six of the study. The methionine was injected at this 
interval as it has been reported that histologically the liver damage with this 
dose of ecu is at a maximum in forty-eight hours (19) . With the limited amount 
of methionine available at this time only two dogs were treated. Liver function 
tests were performed two days after the last dose of CCU- The data show a 
wide spread in the response of the control dogs of CCU (figs. 1 and 4). The 
two methionine-treated dogs are at the upper Emit of the control group, and it 
was judged that no protective effect of the methionine on the liver was obtained, 
as determined by the bromsulphalein and serum phosphatase determinations. 

Experimoit 8. Normal proUdn intake {20% casein) and 0.S6 cc. CCl per 
kilogram. It was possible that methionine might not exert any protective 
effect when supplementing a 41% casein diet bnt might do so when a 20% casein 
diet was used, which stUl suppEed a normal amount of protein. In this study, 
therefore, the dogs received the 20% casein diet. The dose of CCU also was 
reduced from that in the previous experiment. Dogs 7 and 12 were given 0.25 
cc. of CCU per kilo of body weight on days one, three and five, and liver function 
tests were performed two days after each preceding dose of CCU (fig- 2). The 

'The 20% casein diet consisted of: casein, 20; sucrose, 54.0; lard, 21.5; bone ash, 2.6; 
salt mixture (Karr) 1.3%. In the 41% and 8% casein diets the per cent of sucrose was 
correspondingly adjusted. Ten drops of Oleum percomorphum were added to each kilo 
of diet. Four grams of yeast concentrate was administered each day which supplied the 
following: tbimnine, 3.0 mgm.; ribofiarin, 040 gamma; pantothenic acid, 1.8 mgm.; nico- 
tinic acid, 8.0 mgm.; pyridoxine, COO gamma, 

Tho authors wish to thank Mr. II. F. light of The Flelschmann Laboratories for the 
yeast extract and Dr, C. E, Bills of Mead Johnson and Company for the Oleum perco- 
morphum. 
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CONTROL. 8th DAY 

Fig. 1. Effect of Methiomi.ve on Liver Fu.nction of Dogs Receiving CCIi 
O pen bars are untreated control animals and solid bars indicate methionine treatment. 
Horizontal brolcen line shows upper limit of normal of bromsulphalein retention. 



DAYS 

Fig. 2. Effect of Methio.vine on Liver Fu.vction of Dogs Receiving CC1< 
Open bars indicate untreated control animals; solid bars indicate methionine treatment; 
stipled bar received only 1 gram of methionine per day. Animals 7 to 12 arranged in nu- 
merical order in each set of data. 
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methionine was administered intravenously. Of the treated animals, dogs 
No, 11 and No. 12 received 1.0 gram of methionine morning and afternoon each 
day, starting with the first admimstfation of CCh. Animal No. 10 received 
only 1 .0 gram of methionine each day. During the period of CCU administration 
the food intake of the animals decreased and ranged from 50% to 80% of nonnal. 

The animals were autopsied on the seventh day. Histologically the t3T5ical 
fatty changes of CCU were observed in all dogs and necrosis in two dogs in each 
group (table 1). The fat was present both centrally and peripherally, with 



OfcYS 

Fio. 3. Effect of Metriokine on Liver Function of Does Receiving CCU 

Open bare indicate untreated control animals; solid bars, methionine treatment. Ani- 
mals 13 to 18 are arranged in numerical order in each set of data. 

accentuation in the central area in animals 7, 8, 9 and 11. In dogs 10 and 12 
the fat was only central in location. The changes in liver function are shoivn 
in figures 2 and 4. 

It was concluded from the functional and histological changes in the liver that 
supplements of methionine did not provide hepatic protection against CCU 
above that already suppfied by the 20% casein diet. 

Experiment S. Normal protein intake (S0% casein) and 0.1S5 cc. of CCU 
per kilogram. It was possible that the dose of CCU in the previous e.vperiment 
was too high and might overshadow any effect of the methionine. The dose 
of CCU was reduced, therefore, to 0.125 cc. per kilo and administered to dogs 
13 to 18 on daj-s one, three, five and seven. Hepatic function tests ^^•ere per- 
formed on days three, five, scren and nine. .Animals 16, 17 and 18 received 
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two grams of methionine per day as in experiment 2. Again, even during the 
short period that it was administered, the CCU produced a decrease in food 
intake and a slight loss of weight in all animals. 



DAYS 

Fig. 4. Effect of Methionine on Sebuji Phosph.^t.^se of Dogs 
Receiving CC1« (E.vp. 1, 2 and 3) 

Solid circles indicate methionine treatment; open circles, no treatment 

"With the lower dose of CCh there was a somewhat greater spread of data 
than in the previous experiment, but the results trith the methionine are within 
the range of the untreated animals (figs. 3 and 4). The animals were autopsied 
on the ninth day for histological studies (table 1). Neither the functional nor 
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Wstological studies indicated any protective effect of methionine above that 
supplied by the 20% casein diet. 

Experiment Jf. Normal protein intake (30% casein) during the production 
of chronic liver damage. In contrast to the previous experiments, which were 
acute in nature, a more chronic study was undertaken. Eight animals (No. 
19-26) received the 20% casein diet. Carbon tetrachloride was administered 
in doses of 0.125 cc. per kilo of body weight as in experiment 3, but only twice 


TABLE 1 

Effect of methionine on liver damage produced by carbon tetrachloride 
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a week instead of every two days. Four of the dogs received 2.0 grams of me- 
thionine mixed with their food each day. 

By administering this smaller dose of CCh onlj'- twice a week the production 
of liver damage was more gradual (fig. 5). Although there was variation among 
the untreated animals, it will be seen that the methionine-treated ammals always 
varied within the limits of the untreated dogs. Of the two animals that died 
during the study both were methionine-treated animals. Dog 2G died on the 
21st day and dog 25 on the 25th day of the e.Npcrimont. The death of these 
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two grams of methionine per day as in experiment 2. Again, even during the 
short period that it was administered, the CCh produced a decrease in food 
intake and a slight loss of weight in all animals. 



DAYS 

Fig. 4. Effect of Methiox^tne on Sebum Fhosphat.^se of Dogs 
Recei%tng CCI4 (Exp. 1, 2 and 3) 

Solid circles indicate methionine treatment; open circles, no treatment 

With the lower dose of CCI 4 there was a somewhat greater spread of dat£ 
than in the previous e.xperiment, but the results t\ith the methionine are trithir 
the range of the imtreated animals (figs. 3 and 4). The animals were autopsiec 
on the ninth day for histological studies (table 1). Neither the functional noi 
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histological studies indicated any protecth''e effect of methionine above that 
supplied by the 20% casein diet. 

ETperiment 4- Normal protein intake (S0% casein) during the production 
of chronic liver damage. In contrast to the previous experiments, which were 
acute in nature, a more chronic study was undertaken. Eight animals (No. 
19-26) received the 20% casein diet. Carbon tetrachloride was administered 
in doses of 0.125 cc. per kilo of body weight as in experiment 3, but only twice 
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Effect of methionine on liter damage produced by carbon tetrachloride 
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a week instead of evert' two da 3 's. Pour of the dogs received 2.0 grams of me- 
tliionine mixed tvith their food each day. 

By administering this smaller dose of CCh only twice a week the production 
of hver damage was more gradual (fig. 5). Although there was variation among 
the untreated animals, it will be seen that the methionine-treated animals alwaj's 
varied witliin the limits of the untreated dogs. Of the two animals that died 
during the study both ucrc methionine-treated animals. Dog 26 died on the 
2lsf day and dog 25 on the 25th day of the experiment. The death of tliese 
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animals was not due to pneumonia or other obvious cause. It was noted that 
on the 35th and 38th days the bromsulphalein retention of the methionine- 
treated animals showed a sharp drop towards normal. At first it was thought 
that some effect of methionine was being obtained, but at this time and on sub- 
sequent tests the untreated animals also showed a decreased dye retention. 
There was again some increase in dye retention after the 45th and 49th days 
which was maintained until the end of the experiment on the 66th day. 




Fig. 5. ErrrcT of JIetbionine on Liver Function of Dogs Receiving CCU 
Open bars indicate untreated control animals; solid bars, methionine treatment. Dotted 
horizontal line indicates upper limit of normal. Animals 19 to 26 are arranged in numerical 
order in each of data. Arrow 1, dog No. 26 died before next test. Arrow 2, dog 25 died 
before ne.xt test. 


The measurements of calorie intake (per square meter of surface area per hour) 
during this study are of interest (table 2). Dogs 21, 22 and 24, which showed 
the greatest voluntary decrease in caloric intake, also were the ones which had 
the largest retention of bromsulphalein at the termination of the experiment. 
This relationship to dye retention is not due to the decreased food intake per sc, 
because we have studied greater degrees of inanition on the same diet for much 
longer periods of time without observing any effect on dye retention. It cannot 
be stated from these observations whether the greater hepatic dysfunction 
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in these animals produced the decrease in food intake, or the voluntary decrease 
in calorie consumption plus CCI 4 was a causative factor in producing a greater 
dye retention. 

The histological changes foimd in the hver of these dogs are listed in table 
1. Dog 26, the first animal to die, showed extensive necrosis of the liver; whereas 
dog 25, which died on the 25 day, showed neither necrosis nor fatty change in 
the liver. In the two methionine-treated animals that survived until the end 
of the study, the changes found in the liver were in the same range as those ob- 
served in the control animals Neither the bromsulphthalein retention, serum 


TABLE 2 

Weelly food tnlale as calories/sq. m /hr. of dogs receiving 0 1S5 cc. CCh/K twice a weet. 



CAL0»1£S/SQ K /h* C0VSU1£ED» AVTXACE WEIX 


covnoL 

PTIJOO* 

ftceiving CCU 

WZICST 

c^A^*Cl: 


* 

2 1 3 1 1 1 5 1 6 1 7 1 8 1 9 

10 



TWJ. 

DYZ 

TEVnOV 


Untreated dogs 



83 0 

58 0 

56.0 

94.5 

101.5 

93.5 

83 0 

68.5 

64.5 

48.5 

iim 

-fO.9 

% 

7 

74.1 

61.7 

66.3 

77.3 

86.7 

88.4 

125.0 

76 2 

79.5 

59.1 

62.4 

0.0 

15 

72.1 

64.8 

68.5 

69.1 

71.8 

64.1 

91.2 

66.8 

66.8 

29.8 

29.2 

-1.6 

21 

86.5 

55.7 

51 7 

53.6 

59.4 

69 3 

35 4 

42.2 

44 7 

49 7 

43 7 

-1.0 

60 


Methionine treated 


23 

63.1 

00 

36 

8 

46.0 

22.6 

73.8 

81.7| 

53 . 5 ] 

57.1 

71.2 

48.0 

-0.2 

7 

24 

72.3 

68.1 

67. 

1 

48 6 

30.6 

32 5 

1 84 7 

48 5 

52 6 

45 5 

22.5 

-2.1 

32 

25 

57.9 

37.0 

21. 

1 

20 7 

21 0 


1 j 





-2.3 

12 

26 

88 1 

76 6 

23 

1 

14 7 

1 

i 

i 



1 1 

i 

-1.1 

80 

Control dogs without CCI4 


68.9 

58.2 

1 

5 

1 71.3 

69.9 

78 . 2 ' 

73.6 

49.8 

52.3 

72.2 

70.3 


4 


59 8 

61.4 

56 

3 

] 49 1 

65.1 

69 5 

69.1 

57.1 

87.4 

58.0 

65.4 


5 


'-■V'v erage of four « eeks 


phosphatase, or the histological studies gave any et idenee of a protective effect 
of the methionine supplements on the liver damage produced by CCU in this 
chronic study. 

Experimenl 5. Low protein intake (8% casein) and 0 ISj cc. of CCU per 
gram. The previous studies, both acute and chronic, were performed with a 
normal protein diet and without any demonstrable effect of methionine on the 
liter damage produced by CCb. The experiment was repeated, therefore, 
using dogs on a low protein diet (8% casein). Following a control penod of 
four weeks on the 20% c.asein diet six dogs (No. 27-32) were placed on the S% 
cacein diet for a period of three and one-half weeks. Carbon tetrachloride 
in doces of 0.125 cc p«r kilogram, was then administered to all dogs on days 












146 


VICTOB A. CHILI. AND TED A. LOOMIS 


1, 3, 5, 7 and 9, and liver function tests perfonned two days after each dose of 
CCh. During the period of CCh administration dogs 30, 31 and 32 received 
2.0 grams of methionine with their food each day. 

Although the methionine-treated dogs were the first to show an increase in 
bromsulphalein retention, on subsequent tests both groups of dogs showed a 
similar response (fig. 6). Histologically, sections of the liver taken on the 11th 
day did not show any necrosis, and there was no significant difference in the 
degree of fatty change in the liver between the two groups (table 1). Thus, 
no effect of methionine was observed on either the liver function or histological 
changes when CCh was administered to dogs recehing a low protein intake 
in this e.xperiment. 



DAYS 

Fig, 6. Effect of Methionine on Liter Function of Dogs Rbceitino CCh _ 

Open bars, indicate control animals; solid bars, methionine treatment. Dotted hori- 
zontal line indicates upper limit of normal. Animals 27 to 32 are arranged in numerical 
order in each set of data. 

Experiment 6. Low protein intake (S% casein) and 0.125 cc. of CCh per kilo- 
gram. It seemed desirable to test the effect of methionine on animals fed the 
8% casein diet for a longer period of time. Two dogs (No. 33 and 34), there- 
fore, were fed the 8% casein diet for 16 weeks. Carbon tetrachloride was then 
administered in doses of 0.125 cc. per kilogram on days 1, 3, 5, 7 and 9, and 
liver function tests were performed two days after each preceding dose of CCli. 
Dog No. 33 remained untreated and dog No. 34 received 2.0 grams of methionine 
intravenousl}' per da 3 ' during the period of CCh administration. 

When liver function tests were perfonned on daj-s 3, 5, 7, 9 and 11, the fol- 
lowing dye retentions were observed: for dog No. 33 10%, 10%, 34%, 38% and 
24% respectively; for dog No. 34 2%, 5% 14%, 18% and 40% respectively. 
There was no significant difference between the two dogs. Further, no sig- 
nificant difference can be seen when these data are compared with the dogs (il- 
lustrated in Fig. 6) which received the 8% casein diet for only three and one- 
half weeks. Histologicallj-, dogs 33 and 34 did not show any hepatic necrosis 
(table 1), although there was some increase in the amount of large fat droplets 
when compared with the previous e.xperiment. 

It was concluded that the feeding of a low casein diet for 1C weeks did not 
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produce any significant difference in results as compared witli dogs receiving 
a similar diet for three and one-half n-eeks, and that methionine supplements 
ivere without noticeable effect. 

Discussion. In the above experiments methionine supplements were not 
observed to have any effect on liver injury produced by carbon tetrachloride 
as judged by liver function tests and hepatic histology. This was true in animals 
receiving a normal protein diet or a low protein diet for either three and one- 
half weeks or sixteen weeks. A similar lack of effect of methionine was obtained 
in a chronic study with normal protein intake. 

These results are in agreement with the recent findings of Drill and Loomis 
(14) and Shaffer et al (15) using normal protein diets. However, they do not 
agree with the clinical results reported by Beattie et al (10) and Eddy ’(12) 
who reported a beneficial effect of methionine in the treatment of liver injury 
from carbon tetrachloride. However, in their studies every case was treated 
with methionine, and additional forms of therapy were used. Therefore, al- 
though they report beneficial effects from methionine, adecjuate evidence is 
still lacking. 

In contrast to the lack of beneficial effects from methionine in CCh damage 
in the experiments described in this report, either a high protein intake or me- 
thionine supplements seems to have a definite effect on liver damage produced 
hj’ arsenicals (5, 20), chloroform (4, 6, 9), atabrine (21), ethylene dichloride 
(22, 23) and propylene dichloride (24). Xevertheless, Bollman has confirmed 
his original studies with GCh (2) and again reports, in contrast to the above 
toxic agents, least Uver damage with a diet high in carbohydrate, although re- 
generative changes were most evident in animals receiving the high protein 
diet (3). In a discussion of this paper (3) Doctor S. Soskin states that his un- 
published results are in agreement with those of Bollman. This problem was 
also reinvestigated by Gyorgy et al., who studied the inhalation of CCU in rats 
and found that a low' casein and 10% fat diet increased the mortality, but had 
little effect on hepatic pathologj' (25). 'When the fat was increased to 35% 
in either the low casein or normal casein diet, hepatic pathology was increased. 
Although methionine increased the surrival rate and suppressed the nephrotic 
changes completely, “it had only a slight if any beneficial effect on the heptic 
injury” (25). Studies in dogs receiving CCU by stomach tube have also shown 
a greater degree of hepatic dj'sfunction when fed a 20% casein diet, as compared 
with less change when fed an 80% casein diet (26). 

In view of the beneficial effects of protein and methionine on other types of 
liver damage, and a failure to obtain such effects with CCh damage, it almost 
seems as if the tjTJe of damage produced by CCh stands in a class by itself. 
As one of the above-mentioned experimental studies shows, methionine can 
have a marked effect on survival and on the renal changes produced by CCh. 
This emphasized the possibility of toxic effects of CCh on other organ systems. 
Indeed, the inhalation of CCh fumes may produce a clinical picture of mainly 
pulmonary or renal injury (27) rather than hepatic damage, and death from 
CCh fumes may lx? due to central nervous system damage. At the present time 
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5 is no experimental evidence to show that methionine has a beneficial effect 
ver damage produced by CCh, even when the protein intake is low. The 
cally methionine has been reported of benefit in patients with liver damage 
. CCh, but the evidence in these papers is not conclusive. 

SUMMARY 

The effect of methionine on the liver injury produced by carbon tetra- 
ride was studied in dogs, which received both normal and low-casein diets 
different doses of CCh- The amount of fat in the diet was constant in all 
le studies. 

Three acute experiments noth a normal protein diet (20% and 41% casein) 
dose levels of 0.5 cc., 0.25 cc. or 0.125 cc. of CCh per kilogram were per- 
ed. Supplements of methionine were without effect on the dye retention, 
n phosphatase or pathological changes in the liver. 

Methionine was also mthout effect in preventing or decreasing the degree 
rer injury, both functional and histological, in a chronic study on dogs re- 
ng a normal protein intake (20% casein) and 0.25 cc. of CCh per kilogram 
3 a week for 66 days. 

Supplements of methionine were also without effect on the liver injury 

uced byO.lZSec. afCCU per kilagram ia dags receiving a low protein iatahe 

casein) for three and one-half or 16 weeks, as judged by functional and 
ologcal changes in the liver. 

At the present time there is no evidence for a beneficial effect on methionine 
ver injury produced by CCh when either normal or low protein intake are 
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The generally accepted explanation for the methemoglobinemia following 
administration of acetanilid and other aniline derivatives is that advanced in 
1913 by Heubner (1) and supported in 1942 by Bemheim (2). In this explana- 
tion, which is reviewed in the first paper in this series (3), the formation of 
methemoglobin is attributed to p-aminophenol occurring in the blood as a 
metabolite. The e.xplanation rests wholly on 3 observed facts: the occurrence 
of methemoglobin j the presence of p-aminophenol compounds in the blood and 
urine ; and the formation of methemoglobin in vitro and in vivo from unconjugated 
p-aminophenol in large amounts. The p-aminophenol recovered from the 
urine has always been reported as conjugated; its form in the blood has not been 
determined. It has apparently been assumed without experimental evidence, 
either that conjugated p-aminophenol forms methemoglobin or that prior to 
conjugation, p-aminophenol occurs in the blood and in amounts sufiicient to 
produce methemoglobin. In the present paper, these assumptions have been 
submitted to experimental study. 

In his in vitro investigation Heubner added p-aminophenol hydrochloride to 
cows’ blood in amounts of and above 25 mg. per cent and observed methemo- 
globin qualitatively on spectroscopic examination. In the present investigation 
p-aminophenol hydrochloride was added to freshly drawn oxygenated human 
blood at room temperature in amounts sufiBcient to produce 0.1, 0.5, 1.0, 5.0 
and 10.0 mg. per cent. Methemoglobin was determined quantitatively (4) 
at frequent intervals over a period of 4 hours. At concentrations of p-amino- 
phenol of 0.1 and 0.5 mg. per cent no formation of methemoglobin occurred; 
at a concentration of 1 mg. per cent, 3 per cent methemoglobin developed in 
one blood sample but none in others; at concentrations of 5.0 and 10.0 mg. per 
cent, methemoglobin occurred in all samples with average maxima of 13.2 and 
21.2 i>er cent. 

It may be concluded that concentrations of p-aminophenol hydrochloride of 
or in excess of 1.0 mg. per cent arc necessary to induce methemoglobin formation 
in vitro at a rate in excess of that of reduction and therefore to permit the ac- 
cumulation of appreciable amounts of methemoglobin. 

In the previous paper in this series (5), it was reported that unconjugated 
p-aminophenol was not found in the blood of a human subject who had taken 
0.975 g. of acetanilid, an amount sufficient to produce in the blood of the subject 
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approximately 6 per cent of mettemoglobm. The method of analyas used 
there was capable of detecting p-aminophenol at a concentration as low as 
0.025 mg. per cent. For the present investigation this feature was again tested 
using an analytical method modified^ to increase its sensitivity 5 fold. 

A human subject was given 0.975 g. of acetanilid. One hour later the blood 
showed 4 per cent methemo^obin and at 2 hours 8.2 per cent. At both times 
no free p-aminophenol was found in the blood indicating that if any was present 
the concentration was less than 0.005 mg. per cent and therefore definitely below' 
that which produced methemoglobin in vitro. 

In spite of this finding the possibility remains that the formation of methemo- 
globin might result from free p-aminophenol which was removed rapidly by 
conjugation and disappeared before detection by analysis. To investigate this 
feature p-aminophenol hydrochloride was given to 3 human subjects and the 
blood analyzed for free and conjugated p-aminophenol and methemoglobin. 
One subject was ^ven 200 mg. of p-aminophenol hydrochloride; the other two, 
500 mg. Blood was drawn for analysis f and 1 hour later. The results are 
shown in table 1. In the first subject no methemoglobin and no unconjugated 
p-aminophenol was fovmd. That the p-aminophenol was rapidly absorbed and 
also rapidly conjugated was shown by the occiurence in the blood at ^ hour 
of 0.41 mg. per cent of total conjugated p-aminophenol. In the two subjects 
given 500 mg. of p-aminophenol no methemoglobin was found but rmconjugated 
p-aminophenol was present in the blood at f and 1 hour. 

The results obtained show that free p-aminophenol in amounts detectable 
by analysis may occur in the blood without the formation of methemoglobin. 
It is apparent that the methemoglobin appearing after the administration of 
0.975 g. of acetanilid cannot be caused by the transient occurrence of amounts 
of free p-aminophenol suflaciently large to produce methemoglobin. 

As showm in pre\'ious work (5), the major metabolites of acetanilid appearing 
m the blood are N-acetyl p-aminophenol and its hydroxj’ conjugates with sulfuric 
and glycuronic acids. The possibility that these compounds are responsible 
for the methemoglobinemia following administration of acetanilid was inves- 
tigated. Two normal human subjects in a postabsorptive state were each given 
orally 1.09 g. of X-acetyl p-aminophenol, equivalent to 0.97 g. of acetanilid. 
blood samples were drawn after 1, 2, 4 and G hours and analyzed for methemo- 
globin. In neither subject was any methemoglobin formed. In one subject 
each blood sample was also analyzed for X-acetyl p-aminophenol and total 
p-aminophenol. The results are shown in table 2. 

Several significant features are apparent from these data. In previous work 
(3) it has been shown that verj' little of the X-acetyl p-aminophenol formed in 
the body from acetanilid is excreted. Most of it is ultimately conjugated on 

' A 1:2 filtrate was prepared by adding 10 cc. of blood to 10 cc. of 2 K HCl containing 
0.7o g. of zinc dust, mixing, and adding 3 g. BaSO<. After agmn thorougMy mixing, 2 
drops of capryl alcobol were added and the mixture was centrifuged. Ten cc. of filtrate 
were drawn through a cotton plug into a pipette and used as described (5) for the estima- 
tion of p-aminophcnol. 
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the hydroxy group and eliminated in this form. Six hours after the adminis- 
tration of N-acetyl p-aminophenol in the present ex-periments, a considerable 
part was still present, as such, in the body, as indicated by the concentration 
found in the blood. Considerable time is therefore necessary for the complete 
conjugation of the hydroxy group of this compound in the body. In contrast 
to this, 1 hour after administration of 500 mg. of p-aminophenol hydrochloride, 
as shown in table 1, virtually all of the p-aminophenol found in the blood is 
already conjugated. 


TABLE 1 


Adminislration of p-aminophenol hydrochloride to human subjects 


STJBJICT 


p-AlflKOPHXKOX. IN BLOOD, UC. % 

Usconju^ted 

N-acetyl 

Tout 



}Af. 

i kr. 

} hr. 

J hr. 

ikr. 

1 hr. 

1 

200 

0 

0 

— 

mBM 

0.41 

— 

2 

500 

0.09 

0.012 

0.56 


0.84 

0.96 

3 

500 

0.12 

0.016 

0.56 

mm 

0.98 

0.69 


TABLE 2 


Administration of 1.09 g. of N-acetyl p-aminophenol to a human subject 


too: I 

i 

p-AN]HO?HZNOL IK BLOOD, UO. % 

N-acelyl 

Total 

hr. 



1 

1.19 

1.54 

2 

1.14 

1.64 

4 

0.91 

1.23 

6 

0.53 

0.80 


The maximum concentrations of N-acetyl p-aminophenol and hydroxy con- 
jugates occurring in the blood after administration of the N-acetyl p-amino- 
phenol are, without formation of methemoglobin, higher than the maximum 
concentrations of these found after administration of 0.975 g. of acetanilid with 
formation of methemoglobin . It may be concluded that the methemoglobinemia 
following acetanilid administration is not due to conjugated p-aminophenol 
formed in the body. 

The question of methemoglobin formation after large doses of N-acetyl p-amin- 
ophenol was investigated by oral administration of this compound to albino 
rats in doses of 1000, 2000 and 4000 mg. per kg. of body weight. Frequent 
determinations of methemoglobin were made over a period of 8 hours. No 
methemoglobin was formed in any of the animals. IVith a dose of 4000 mg. 
per kg. death resulted with 24 hours. Although the white rat is not a sensitive 
methemoglobin-forming species, it has been shown (G) that this animat forms 
approximately 13 per cent methemoglobin after oral administration of 200 mg. 
per kg. of acetanilid. 
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It has previously been shown (3) that for several hours following the ingestion 
of 1 g. of acetanilid in man the urine contains a considerable concentration of 
conjugated p-aminophenol, the major part of which is hydroxy conjugated. 
By the addition of 0.2 cc. of urine thus obtained and suitably diluted to each of 
several 2 cc. portions of freshly drawn human blood, it was posable to obtain 
concentrations in the blood samples of approximately 5 and 10 mg. per 100 cc. 
of conjugated p-aminophenol. Frequent determinations in each of these blood 
samples over a 4-hour period showed no formation of methemoglobin. The 
concentrations of the conjugated p-aminophenol obtained in the blood samples 
were many fold higher than that occurring in vivo after administration of 0.975 
g. of acetanilid. These data offer further evidence that the methemoglobinemia 
resulting from this amount of acetanilid is not caused by the conjugated p-amino- 
phenol. 


SUMMART 

(1) Contrary to the usually accepted theory, the occurrence of methemoglobin 
after administration of acetanilid is not due to p-aminophenol. 

(2) Concentrations of p-aminophenol at or above 1 mg. per cent are required 
to produce methemoglobin in human blood in vitro. 

(3) No free p-aminophenol was found in the blood after administration of 
acetanilid although methemoglobin was found. 

(4) Free p-aminophenol was found in the blood after administration of the 
substance but no methemoglobin was found. 

(6) Conjugated p-aminophenol does not in viio or in vitro produce raethemo- 
globin. 
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The therapeutic effectiveness of sulfanilamide derivatives depends, firstly, 
on the bacteriostatic activity of the compound, and secondly, on the presence of 
a sufficiently high concentration at the proper site. For treatment of blood- 
borne diseases, a therapeutic level of the agent must, of course, be maintained 
in the blood stream; the natural corollary of this is that, to be effective on oral 
administration, the compound must be largely absorbed from the intestinal 
tract. Conversely, the therapy of intestinal infections requires that an adequate 
concentration of the material be present in the intestinal tract as ^v'ell as in the 
tissues; thus, the compound should not be too rapidly and completely absorbed 
following administration bj' mouth. 

A surt'ey of the IJterature shows that complete excretion studies have been 
carried out on relatively few compounds, and that in some cases marked dis- 
crepancies occur in the values reported. Typical data are presented in table 1. 

The purpose of the present investigation was to determine the route of ex- 
cretion of a number of compounds following oral administration. The results 
should be useful in considering possible therapeutic applications of any com- 
pounds in the series that show promise of effectiveness. 

Method. Adult albino rats were used in the study. All compounds were administered 
by stomach tube, and those not soluble in water were given in suspension in a 6% solution 
of gum acacia. The rats received a volume of 2 cc., containing 100-400 mgm. of the mater- 
ial. The animals were placed immediately in metabolism cages with stock ration* and 
water ad libitum. The urine and feces were collected and anab’zed 24 and 48 hours after 
administration. Since it was found in preliminary work that insignificant amounts were 
excreted after 48 hours, collections were discontinued at that time. 

The colorimetric method of Bratton and Marshall (27) was used for the analyses. Read- 
ings were made in the Fisher Electrophotometer with a No. 525 filter. 

Since many of the compounds in the series were substituted in the N4 position, it was 
necessary to subject them to hydrolysis prior to diazotization and coupling. This was 
routinely carried out by heating the samples in normal hydrochloric acid on the steam 
bath for one hour. 

Urine samples were diluted to 100 cc. and filtered, and suitable aliquots were taken for 
hydrolj-sis. The volume of the hydrolysate required for colorimetry was so small that 
interference of the colored solution was negligible. 

Treatment of the feces depended on the solubility of the compound in question. Those 
readily soluble in acetone were removed from the feces by thorough Soxhlet extraction 

’ Reported at a meeting of the Federation of American Societies for Experimental Biol- 
ogj’, Chicago, May 18-22, 1947. 

* "Harlan Special Rat Ration” obtained from Harlan Small Animal Industry, Cumber- 
land, Ind. 
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TABLE 1 


Excretion of sulfanilamide derivatives after oral administration 
A literature survey 


COitPOUKD 

P£il CENT 07 OSAX. DOSE 
EXCRETED IN 

:oLtEcnoN 

rssiOD 

SPECIES 

REPERENCE 


Urine 

Feces 




SuHamlanufle 


■Segli- ‘ 

days 

Several 

"Human 

k 


63-78 

gible 

1 

Human 

2 


41-68 

12 

1 

Human 

3 


43 

— 

1 

Mouse 

4 


45 

— 

— 

Rat 

5 

Sulfapyridine 

95-99 

— 

2 

Hog 

6 


90 

— 

— 

Hog 

7 


85 


2 

Human 

8 


39-79 

— 

4 

Human 

9 


60-65 

— 

1.5 

Human 



70 

— 

1.5 

Guinea pig 

11 


45-90 

2-33 

5-12 

Human 

12 


62 

3 

4 

Mouse 

12 


37 

— 

1 

Mouse 

4 


65-88 

— 

5-6 


13 

Sodium sulfapyridine 

19-31 

32-^ 

3 


3 

Sulfadiazine 

79-80 

— 

2.5 


14 


58-81 


2 


15 


20 

— 

1 


4 


62-88 


3 

Human 

16 


66 


4 

Human 

28 


— 

56 

— 

Monkey 

28 

Sulfamerizine 

78 

— 

4 

Human 

28 


— 

33 


Monkey 

28 

Sulfathiazole 

46-98 

— 

8 

Human 

17 


60-93 

— 

1 

Human 

18 


A-U 

46-72 

1 — 

Human, 

3 


44 

— 

1 

Mouse 

4 


63-99 

— 

— 

Human 

19 


18-35 

— 

5 

Human 

20 

Sodium sulfathiazole 

19-25 

38-63 

2 

Human 

3 

Sulfamethylthiazolc 

2 

38 

— 

Human 

3 

Sodium Bulfamethylthiazole 

8-23 

18-78 

2 

Human 

3 

Sucoinylsulfathiazole 

2 

— 

5 

Human 

20 

Sulfaguanidino 

32 

— 

1 

Mou£e 

4 


34 

14 

2 

Human 

21 


15-34 

— 

5 


20 

Sulfathiadiazolc 

60-100 

4-S 

3-7 

Human 

22 

Sulfamothylthiadiazole 

96-100 

— 

— 

Human 

22 

Sulfacarboxvthiazolo 

3-7 

83-92 

— 

Human 

23 

Sulfamethazine 

67-99 

— 

4 

Human 

24 

AcotylsuUanilamidc 

30-50 

— 

1 

Rat 

25 

p-Sulfanilylsulfanilamidc 

25 

20 

— 

Rat 

25 

Sodium BulfaTulamidc benzoate 

60 

— 


Rat 

25 

Ni-Bcnzoylsulfanil amide 

79 


3 

Human 

26 
















TABLES - 

Excretion of sulfanilamide derivatiues 


COlCPOtWD 

SOLVENT •OSED 
IK 7EC£S 
XXTSACTIOK 

DOSE 

MS CENT or 
ADlftmSTsSSD 
DOSE SC- 
CO\'CSED IN 
EXCSETA IK 
iS BOOSS 

I 




men. 




Sulfanilamide 

Acetone 

105.3 

76 

96 




100.0 


99 

1 



100.0 

49 

98 

2 

SuUaguanidine 

Acetone 

98. 2 

55 

38 

62 



101.7 

52 

50 

50 



100.0 

63 

32 

68 

Ni-Benroylsulfanilamide 

Acetone 

100.0 

84 

88 

12 



100.0 

73 

89 

11 



83.0 


98 

2 



83.0 

73 

95 

5 

N-(4-AinmobenKeneaulfonyl)-2-phen}-l- 

Acetone 

100.0 

52 

10 

90 

propylamine* 


100.0 

84 

5 

95 



100.0 

62 

13 

87 



100.0 

62 

15 

85 

N-(4-AiBinoben2enesuIfonyI)-N-methyl- 

Acetone 

406.4 

89 

5 

95 

2-phenylpropJiaminet 


203.1 

85 

12 

88 



304.2 

66 

6 

94 



IB 

85 

2 

9S 

N-(4-Aminobenzenesulfonyl)-ephedrine* 

Acetone 

n 

26 

23 

77 



hSII 

52 

17 

83 



wm 

38 

26 

74 

N-(4-Acetylarainobenzene3uUonyl) 

Acetone 

121.8 

50 

48 

52 

N-methyl-2-phenylpropylanunet 


101.8 

70 

63 

37 



101.8 

67 

46 

54 

4-Sulfonamidodiphenylthioureat 

Acetone 

149.8 

56 

4 

96 



106.8 

48 

4 

96 



95.6 

48 

12 

88 



155.0 

60 

3 

97 

2-(4-Aminobenzenesulfonyl)8cetamide§ 

Acetone , 

97.8 

72 

67 

33 


/ 

94.9 

75 

93 

7 


1 

19.3 

58 

97 

3 

Tartarylsulfanilamidel 

Acetone 

100.0 

92 

5 

95 



100.0 

102 

3 

97 

Succinj'isulfathiazole 

Alkali 

100.0 

SO 

4 

96 


1 

100.0 

82 

3 

97 



100.0 

90 

3 

97 



100.0 

89 

3 

97 



100.0 

79 

6 

94 


156 
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TABLE 2— Concluded 


COUPOTIND 

SOLVENT OSED 
IHTECES 
EXTEACXlON 

DOSE 

PEE CENT OP 
ADIONISTESEI) 
DOSE EE- 
COVERED IN 
EXCRETA IN 

48 EOT7RS 

PER CE 
EECOV 
AMOl 
POtIN 

Urine' 

NT OP 
EEED 
[TNT 

D IN 

Feces 



rngm. 




Diacetyltartarylsulfadiazinejl 

Alkali 

100.0 

88 

5 

95 



100.0 

89 

5 

95 



100.0 

75 

9 

91 



100.0 

96 

17 

83 

Diacetyltartarylsulfathiazolell 

Alkali 

100.0 

83 


94 



100.0 

' 82 


93 



100.0 

78 


91 • 



100.0 

72 

17 

83 

Sodium propionylsulfanilamide-^- 

Alkali 

100.0 

74 


93 

sulfonatell 


100.0 

73 


93 



100.0 

85 


95 



100.0 

77 


95 

Sodium propionylsulfathiazole-d- 

Alkali 

100.0 

79 


95 

sulfonatell 


100.0 

70 


99 



100.0 

83 

2 

98 

Sodium 2-aulfobenzoyl6ulfathiazoIe|| 

Alkali 

100.0 

51 

6 1 

94 



100.0 

67 

2 

98 



100.0 

68 

4 

96 



100.0 

63 

3 

97 


Acknowledgment is to be made to the following for preparing the compounds indicated 
by signs as follows: 

• Dr. Charles H. Tilford, of The Wm. S. Merrell Co. 

t Mr. Lloyd Allen, of The Wm. S. Merrell Co. 

t Dr. Ralph W. Bost, of the University of North Carolina. 

§ Dr. Ralph Connor, formerly of the University of Pennsylvania, and now of the Rohm 
and Haas Co. 

II Dr. Joseph R. Stevens, of the J. T. Baker Chemical Co. 

with this solvent. Several compounds containing carboxylic or sulfonic acid substituents 
were only very slightly soluble in acetone but were conveniently extracted by stirring with 
several volumes of normal sodium hydroxide and centrifuging, and repeating the process 
several times. In either case, virtually water-clear solutions were obtained when ^quots 
of the extracts were heated with hydrochloric acid and filtered. 

With most of the compounds, recovery experiments gave reasonably satisfactory re- 
sults. The principal exceptions are discussed in the following sections. 

Results. Several known compounds were included in the series for com- 
parison with the new derivatives studied. The results, presented in table 2, 
show that sulfanilamide and Xi-benzoj'lsulfanilamidc (sulfabenzamide) are 
c.vcreted principally in the urine, succinylsulfathiazole appears almost entirely 
in the feces, while sulfaguanidine is rather equally distributed between the two. 

Of the now comoounds, only one (2-(4-aminobcnzcncEulfonj'l)acctamide) 
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appeared primarily in the urine; it is to be noted that this is not a true sulfon- 
amide. A second compound (N-4-acetyIaminobenzenesulfonyI)-N-methyI-2- 
phenylpropylamine) was divided fairly equally between urine and feces, while 
the remaim'ng ten appeared largely in the feces, indicating poor absorption. 

TABLE 3 


Compounds refractory to hydrolysis 


coupoirin) 

HYDSOtYSrS CONDITIONS 

xecoyem 

PE*CZNT 

Ni-(4-n-Dodecoxyphenyl) 

10 N HsSO<, over raicro burner, 4 hours 

0 

sulfamlamide* 

1 



4-Sulfoiiamido-4-n-hexoxythio- 

cone. HCl, steam bath, 6 hours 

38 

carbanilide* j 


66 

Tri-isobulylenesuccinylsul- 

N HCl, steam bath, 1 hour 

46 

fathiazolef 

1 

1 

55 

N(-Aoid diphenate of sulfa- 

N HCl, steam bath, 1 hour 

12 

thiazolef 

cone. HCl, steam bath, 1 hour 

44 


cone. HCl, autoclaved 15 lbs., 1 hour 

75 


6 N HCl, autoclaved 15 lbs., 6 hours 

85 

1 

o-Sulfobenzoyl-sulfanilamidet 

N HCl, steam bath, 1 hour 

0 

Sodium 2-sulfobenzoyIsulfacul- 

N HCl, steam bath, 1 hour 

0 

amidef 

N HCl, steam bath, 3 hours 

6 


10% jNTaOH, steam bath, 2 hours 

0 


10 N HCl, steam bath, 2 hours 

65 


10 N HjSO<, autoclaved 15 lbs., 2 hours 

65 

Di-sodium 2-sulfobenzo3-lsul- 

! 3.6 N HCl, steam bath, 1 hour 

7 

thiazolej 

I 


Sodium 2-sulfobenzoylsul- 

' 4 N HCl, steam hath, 1 hour 

0 

fathiazolet 

cone. HCl, steam bath, 20 hours 

55 


12 N H-SO«, refluxed, 77 hours 

82 


Acknoivledgment is to be made to the toljowing for preparing the compounds indicated 
by signs as follows: 

• Dr. Halph W. Bost, of the University of North Carolina. 

t Dr. Charles H. Tilford, of The Wm. S. Merrell Co. 

X Dr. Joseph B. Stevens, of the J. T. Baker Chemical Co. 

The series is not adequate for general conclusions as to the relation between 
structure and absorption. It is interesting, however, that acetylation in the 
N-4 position greatly increases the rate of absorption of a compound that is 
otherwise poorly absorbed. Introduction of the tartaryl or diacetyltartaryl 
group in the M-T position appears to have the same effect as introduction of the 
succinyl radical, namely, a marked decrease in absorption from the intestinal 
tract. 
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Isolhiocyano compounds. The series included two compounds in which the 
p-amino group was replaced by an isothiocyano substituent. The compounds, 
4-isotbiocyano-benzenesulfanilyl guanidine and 2-(4-isotbiocyanobenzene-sul- 
fonamido) piuimidine, behaved quite similarly and may be considered together. 

The compounds were soluble in acetone and, after hydrolysis, gave theoretical 
values with the usual colorimetric method. However, attempts to recover added 
amounts from normal feces gave only 30 to 60 per cent of the expected values. 
As a check on the extraction procedure, it was found that satisfactory results 
were obtained when the compound was extracted by Soxhlet from an inert 
diluent (sea sand). It was then observed that addition of the compound to 
filtered acetone extracts of normal feces, followed by hydrolysis and color de- 
velopment, gave variable but low (30-70%) recoveries; this indicates that the 
loss cannot be attributed to physical adsorption, in an unextraetable form, on the 
feces particles. Eemoval of the interfering substance was demonstrated by 
exhaustive extraction of feces uith acetone; addition of the compound to the 
residual material permitted satisfactory extraction and assay. 

Further studies indicated that the interfering substance is readily soluble in 
acetone, somewhat soluble in ethyl ether, and insoluble in petroleum ether. 
It is adsorbable by Norite from acetone or ether. 

The nature of this phenomenon is stiU unknown. 

Compounds refraclory to hydrolysis. Eight of the compounds available for 
study gave little or no color following the usual hydrolysis procedure. More 
rigorous treatment led to greater recovery in those instances where it was tried. 
In only one case was a careful study of hydrolysis conditions made; it was found 
that consistently high results could be obtained by refluxing sodium o-sulfo- 
benzoylsulfathizaole uith ten-normal sulfuric acid for 77 hours. Animal ex- 
periments were carried out with this compound, and the results are included in 
table 2. 

These difficultly hydrolyzed compounds, along with the conditions employed 
and recoveries found, are listed in table 3. 

SUMMARY 

An investigation has been made of twenty previously unreported sulfanilamide 
derivatives. 

Following oral administration to rats, ten of the compounds are excreted largely 
in the feces, one chiefly in the urine, and one is almost equally divided between 
the two materials. 

Two 4-isothiocyanobenzenesulfonamidcs gave interesting and une.xpected 
results. There appears to be a substance in normal rat feces, and in acetone 
extracts thereof, which in some way prevents full color development by these 
compounds after hydrob’sis. 

The remaining seven compounds arc hydrolyzed with difficulty, and a satis- 
factorj’ analidical method has not j’et been worked out. 
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In studies reported by Sandground (1, 2), p-aminobcnzoic acid (PABA) was 
found to be highly effective as a protective agent against lethal doses of car- 
barsone and other phenyl arsonates, namely, tiyparsanude, acetarsone, ar- 
sanilic acid, and phenyl arsonic acid. In other papers, Sandground and Hamil- 
ton (3, 4, 5, 6) reported that PABA also gave a substantial degree of reduction 
in the mortality rate following injections of lethal doses of neoarsphenamine and 
the antimony compound, stibosan, without diminution of trypanocidal actmty 
in the rat. PABA was found, however, to be uathout protective value against 
inorganic arsenic or certain of the trivalent arsenicals, such as mapharsen and 
arsphenamine, and against the trivalent antimonial compound tartar emetic. 

Subsequently, Sandground reported experiments (2) which demonstrate that 
several aromatic compounds have the property of reducing the toxicity of penta- 
valent aromatic arsenicals. The three isomeric forms of aminobenzoic acid, the 
hydroxy- and nitro-analogues of PABA, and several other phenyl substituted 
compounds not highly toxic in themselves were found to be substantially ef- 
fective. A high degree of structural similarity between antidote and the toxic 
compound does not appear from these reports to be an essential of the mechanism 
underlying the detoxication phenomenon, and the protective properties were 
found to be independent of the route by which either the acid or the arsenical was 
administered. Adequate doses of PABA, administered simultaneously with or 
at time intervals up to three hours before an arsenical injection, conferred signif- 
icant protection. In contrast, the injection of the PABA subsequent to the 
arsenical was associated unth a distinct reduction in protective value, and this 
reduction was in direct proportion to the increase in time interval (7). Mul- 
tiple injections of PABA given at variously spaced inter\-als previous to or 
following the arsenical were found to be no more effective than a single pro- 
tective dose given concurrently. 

Harris (8) presented histologic findings which indicated a lessened severitj' of 
renal damage in rats receiving PAB.A in protective dosage against highly toxic 
doses of tryparsamide and stibosan. 

Sandground found 500 milligrams of P.AB.\ per kilogram of weight sufficient 
to protect nearly all rats against 1000 mg. of carbarsone per Kg. (5). While 
no unprotected rat was ever found to survive a dose of 1500 mg./Kg. of carbar- 
sonc, a single injection of 500 mg./lCg. of PABA was capable of conferring pro- 

* .Mdcd by a from The Upjohn Company, Kalamazoo, Michigan. 

'Present address: School of Pharmacy, Creighton University, Omaha, Nebraska. 
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tection if administered at a suitable time vith reference to the administered 
arsenical. As small an amount as 15 mg./Kg. was found sufficient to protect 50 
per cent of rats receiving 1000 mg./Kg. (the LDao) of carbarsone, and to prolong 
the sun’i^'al time of a group of rats receiving 400 mg./Kg. of arsanilic acid. 

TABLE 1 


Summary of results with sodium bismuthyl citrate (The Upjohn Co.) alone and xeith 1.6 cc. of 
Jf per cent PABA solution intraperitoneally , except when both the bismuth 
compound and PABA were given intravenously 


ANIUAL 

CROUP 

milfBER OF 
RATS USES 

] 

ROUTE OF Bi 
ADillNTSTR ITION 

DOSE OF BISMUTH 

PER CENTSURVn ISC 

With PABA 

Without 

PABA 

(1) 

Test rats 5 
Controls 5 

lotraperitoneal 

Intraperitoneal 

fns. p 

60 

er Kg. 

CO 

so 

00 

(2) 

1 

Test rats 4 
Controls 4 

Intraperitoneal 

Intraperitoneal 

70 

70 

75 

00 

(3) 

1 

1 

Test rats 4 
Controls 4 

intraperitoneal 

Intraperitoneal 

70 

70 

50 

00 

(4) 

Test rats 3 
Controls 3 

Intraperitoneal 

Intraperitoneal 

70 

70 

00 

00 

(5) 

Test rats 5 
Controls 5 

Intraperitoneal 

Intraperitoneal 

60 

i 

60 

40 

00 

(6) 

Test rats 3 
Controls 3 

Intravenous 

Intravenous 

9 

9 

100 

00 

(7) 

Test rats 5 
Controls 5 

Intravenous 

Intravenous 

10 

10 

1 40 

1 

1 

00 

(8) 

Test rats 5 
Controls 5 

Intravenous 
! Intravenous 

' 9 

1 

9 

40 

00 

(9) 

Test rats 5 
Controls 5 

Intravenous 

Intravenous 

9 

9 

40 

20 

(10) 

Test rats 3 
Controls 3 

Intravenous 

Intravenous 

9 

9 

100 

33 


In this laboratorj' a number of experiments have been carried out Bith PABA, 
using the rat, with the objective of determining whether or not this acid confers 
protection against other organo-metallic compounds and to seek an explanation 
of the way in which protective activit j' ma3'’ be conferred. Sandground’s findings 
with respect to the protective action of PABA against the arsenicals were readil.v 
confirmed. Efforts also were made to determine whether or not PABA e.xerts 
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an accelerating effect on the urinary excretion of arsenic. Doses of carbarsone 
well below 1000 mg./Kg. (the LDjj) rvere given by intraperitoneal injection 
followed immediately by an intraperitoneal injection of approximately 400 
mg./Kg. of PABA. The first 24-hour urine specimen of each rat was analyzed 
for arsenic content using a method recommended by Young and Muehlberger 
(9), by which the arsenic as arsenite, after Kjeldahl digestion and neutralization 
of the excess sulfuric acid with sodium hj’dro.xide and sodium bicarbonate, was 
titrated with N/20 iodine solution. Some of the unprotected rats receiving the 
higher doses of arsenic died before the end of the 24-hour period, and, as was to 
be expected, in many of these cases the urine samples gave a low yield of arsenic. 

TABLE 2 

Summary of results of toxicity studies on rats receiving sodium bismuthyl mannonate (Chas. 
PfizfT and Company) (8 mg. of bismuth per Kg. weight) and an equal dose of 
sodium bismuthyl mannonate concurrently with 1.S cc. of 4 per cent PABA solution. Both 
solutions were given intravenously 


ANIUAI. CBOrP 

NUUOEB or RATS USED 

PER CENT SURVIVING 

With PABA 

Without PABA 

(1) 

Test rats 5 
Controls 5 

60 

20 

(2) 

Test rats 4 
Controls 4 

100 

50 

(3) 

Test rats 5 ! 

Controls 5 ^ 

80 

20 

(4) 

Test rats 5 
Controls 4 

60 

50 

(5) 

Test rats 5 
Controls 5 

100 

40 


Rats protected with PABA were usually much less obviously intoxicated by the 
arsenical than were the unprotected animals, and their arsenic output was gen- 
erally uniform. In the lower dosage ranges of arsenic, however, where the un- 
protected rats were not made noticeably ill, the controls were found not to vary 
on an average from the protected groups in arsenic output. Data accumulated 
from a large number of 24-hour urine specimens therefore revealed no significant 
change in output of arsenic by rats receiving PABA, if the dose of arsenic was 
not large enough to produce a severe reaction. 

Since, to our knowledge, no reports have appeared on the protective effects 
of PABA against the organic bismuth compounds, we have extended our studies 
into this group of drugs. Young rats ranging in weight from 100 to 150 grams 
were used. Control series of rats received highly to:dc doses of bismuth alone, 
while the paired series received, in addition to the bismuth, the same protective 
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dose of PABA as was used against the arsenicals. Our results demonstrate that 
PABA does confer some protection against sodium bismuthyl citrate, and sodium 
bismuthyl mannonate, and, to a lesser degree, against sodium bismuthyl tartrate. 
IVhereas various dosages of PABA were used in experiments not reported herein, 
it was found that doses of 400 to 500 mg./ITg. were somewhat better than smaller 
doses but not significantly exceeded by those which were larger; hence these doses 
were adopted for our purposes. 


TABLE 3 


Results of intravenous injections of sodium bismuthyl tartrate {G. D. Searle and Company), 
in rals, ivilh and without simultaneous administration of PABA 


AKIUAL GSOUP 

KUVBEK OP JL\TS rSFD 

POSE OP BISMUTH 

PER CENT SURVIVING 

With PABA 

Without P.tB.t 

. (1) 

Test rats 5 
Controls 5 

mg.f 

8 

cr Kg. 

8 

80 

20 

(2) 

Test rats 4 
Controls 4 

8 

s 

100 

so 

(3) 

Test rats S 
Controls 3 

10 

10 

100 

00 

(4) 

Test rats S 
Controls 5 

10 

10 

00 

00 

(5) 

Test rats 5 
Controls 5 

10 

10 

00 

00 

(6) 

Test rats 5 
Controls 5 

8 

s 

40 

20 

(7) 

Test rats 5 
Controls 5 

8 

s 

60 

20 

(8) 

Test rats S 
Controls S 

8 

s 

40 

20 


When sodium bismuthyl citrate was given alone b 3 ’ intraperitoneal injection, 
40 mg./Kg. of bismuth, calculated as metal, was found nearlj^ always to be fatal. 
By use ofPABA, however, itwas found possible to save a high percentage of the 
rats given 70 mg./Kg. of bismuth as the citrate (see table I). 

Eight milligrams per kilogram of bismuth in the form of sodium bismuthyl 
mannonate was found to be lethal to a high percentage of rats, and, accordinglj% 
this dose was emploj’ed in the few trials which were made with this compound. 
In table 2 are presented evidences of a significant degree of protection PABA 
against bismuth in this form. 

Sodium bismuthj'I tartrate is slow in action and massive doses are required to 
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kill the rat when it is given by intramuscular or intraperitoneal injection. Only 
by intravenous injections were we able to demonstrate what appears to be a 
rather low order of protection by PABA. By this route it was found that 10 
mg./Kg. of bismuth in the form of the tartrate was nearly 100 per cent fatal to 
the rats. In several series in which less than 10 mg. were used as the trial dose, 
there was some protection, as indicated by a reduced mortality rate, and less 
severe reactions in the protected rats (see table 3). 

It should be stated that the above tables on mortality do not include other 
significant features, e.g., the average survival times of the protected groups, 
which were longer with fatal doses than were those of the controls, and in general 
the protected rats were less severel}- intoxicated following high non-lethal doses 
of bismuth. Recovery from ill effects was likewise noticeably more rapid in the 
protected groups. Protection was even more erudent in the groups receiving 
bismuthyl maimonate and bismuthyl citrate than in the tartrate group. 

In order to determine whether or not protection against pentavalent arsenicals 
and these preparations of bismuth could be due to a diuretic effect of the excess 
fluid injected with PABA, or perhaps the direct protection of the kidney, several 
trials were made using various dosages of sodium chloride solutions, and solutions 
of calcium lactate administered separately and in combination with sodium 
chloride. In no instance was there any positive indication of a protective action 
following such injections. Sections of kidney tissue also were prepared for 
microscopic study from a number of rats that bad received carbarsone, some 
with and some without PABA. While %'arying degrees of damage could be 
observed in both the protected and unprotected rats, the damage, on the whole, 
was apparently as great in one group as in the other. 

SUMMARY AND CONCLUSIONS 

Prom the data presented herein it is concluded that p-Aminobenzoic acid 
exerts a definite but relatively low grade of protection of rats against the bismuth 
preparations, sodium bismuthyl citrate, sodium bismuthyl mannonate and 
sodium bismuthyl tartrate. 
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The clinical efficacy of dihydroergotamine methanesulfonate (D.H.E. 45 — 
Sandoz) in the treatment of migraine headaches has been reported by Horton 
(1, 2), Hartman (3), Clein (4), Dannenberg (5) and others, while information 
regarding certain of its pharmacological actions has been presented by Rothlin 
(6), Brugger (7) and Kirchhof (8). The present report includes studies made 
during th° past two years in a general pharmacological evaluation of the drug, 
particularly with reference to its acute and chronic toxic effects and the selective 
sjTnpatholytic properties which it displays. A preliminarj’’ report of these 
studies has been made (9). 

Methods. The acute and chronic toxic effects of DHE were tested on albino rats of 
the Sprague-Dawley strain, on domesticated rabbits, and on puppies. The oxytocic 
action was determined on isolated, perfused guinea pig uteri and on rats during normal 
gestation. The possibility of electrocardiographic iterations were tested on monkeys 
(Macacus rhesus) and on dogs, and the latter species was used to test adrenolj’tic and 
sympatholytic properties during cyclopropane anesthesia and also during anesthesia with 
other agents when alterations of blood pressure per se or of response to epinephrine subse- 
quent to administration of the ergot derivative were tried. A study of histological sections 
obtained from the kidneys, liver, spleen, heart and lungs of rats was made to ascertain 
possible pathological changes which might have been produced by the drug. Patients 
suffering from migraine headaches who previously had employed “Gynergen” advanta- 
geously compared such responses to this new therapeutic agent. 

The drug was supplied in glass sealed ampules of one cc. delivery capacity in a concen- 
tration of 0.5 mg. or 1.0 mg. per cc., of which the latter strength was chiefly' employed. 
Clontrol series of animals were tested with ergotamine tartrate (‘ Gynergen”) wherever such 
studies were indicated. The latter drug was available in ampules containing 0.5 mg./cc. 

Ror tests of toxicity intravenous injecUons of DHE of 5, 10 and 20 mg./Kg. were made 
dmly into rats for from two to forty times. Animals from each group served as the source 
of material for histological sections. Acute to.\icit5' determinations by intravenous ad- 
ministration of the drugs also were attempted on rabbits using dosages as great as 35 mg./ 
Kg. of DHE and 4.0 mg./Kg. of gynergen. Pairs of litter mate puppies si.x to ten weeks 
of age were injected subcutaneously daily with 0.25 or 0.5 mg./Kg. of gynergen or 0.5 or 
1.0 mg./RB- DHE for periods of 15 to 100 days. Weights were determined at weekly 
intervals and the dosage adjusted for any increase which had occurred. 

The activity of virgin guinea pig uteri in oxj'genated baths of Locke-Ringer’s solution 
in which gynergen or DHE could be added separately served as one method of determining 

• Aided by grants from the Sandoz Chemical Works, Inc., New York and the Wisconsin 
Alumni Research Foundation. Dr. Rose Marie Carlsen aided in certain parts of this in- 
vestigation. , 
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oxytocic effects of the drug. Another test was the injection of virgin female rats for sev- 
eral days with gynergen or DHE, after which a male was put into eacli pen of four females 
and breeding permitted. The daily injections were continued in the females until the 
normal gestation period had been exceeded or litters were delivered. The mother with 
its litter then was put into an individual cage and growth rate of the young rats followed 
to adulthood. 

The adrenolytic and sympatholytic properties of DHE were compared to previously 
evaluated effects of ergotamine tartrate (10) to prevent cyclopropane-epinephnne ven- 
tricular tachycardia which can be produced by a standard techmque of administering 
epinephrine during such anesthetization (11). Electrocardiograms were taken throughout 
the entire period of injection of DHE. Doses of 0.05 to 0.4 mg,/Kg. of the drug were di- 
luted to a total volume of 5 cc. with normal saline solution and injected intravenously at 
a steady rate of 1 cc. each ten seconds. This volume of fluid and rate of injection were 
employed for all such intravenous procedures. The studies were extended to observa- 
tions of the effects of the drug per se on monkeys and also of its protective value against 
cardiac irregularities which in the Macacus rhesus occur spontaneously, particularly in 
the induction phase of anesthesia. 

Some of the dogs used in the tests with cyclopropane, as well as others anesthetized 
with diethyl ether, sodium ethyl (1-methyl butyl) barbiturate (nembutal-Na), sodium 
iso-amyl ethyl barbiturate (amytal), or chloroform, were prepared for direct determina- 
tions of blood pressure, as previously noted (12), so they could be tested on subsequent 
days with different dosages of the same drug or with other drugs. A recording of blood 
pressure was made during the injection of 0.4 mg./Kg. of DHE. Five minutes after the 
DHE injection 0.01 mg./Kg. of epinephrine was admim'stered at a steady rate in the stand- 
ard SO-second period and a second blood pressure tracing taken to determine whether an 
ergotamine-like reversal of the epinephrine pressor effect resulted. 

Results. Neither an acute nor a chronic to.tic dosage of DHE could be 
determined for rats. Although four animals were killed immediately following 
the first or second injection of 10 mg./Kg. and one died suddenly follomng the. 
twenty-fourth daily injection, 21 other animals received from 16 to 40 injections 
without any apparent D1 effects. Since the greatest concentration in w'hich 
DHE was furnished was the 0.1% solution, the administration of a 20 mg./Kg. 
dosage intravenously to rats represented a volume of fluid equivalent to 2% of the 
animal’s weight. Such an amount would appro.vimate the administration of 20 
to 25% of the circulator}' volume in the one to two minutes required for an in- 
jection. The definite increase which this produced in venous pressure was 
evident by a marked centrifugal flow of blood which occurred whenever pressure 
was lessened on the plunger of the syringe during the latter half of an injection. 
Such a dosage of 20 mg./Kg. was given to four animals for 40 days and no gross 
effect was apparent. Three animals from another group died promptly after 12 
such injections but contamination of the drug was possible for this group. The 
first two or three injections of any dosage always produced generalized clonus, 
ruffled hair, increased secretions and stertorous breathing but subsequently no 
such signs or symptoms were evident. The results of the studies of chronic 
toxicity in 4S rats given injections of 5 mg./Kg. to 20 nig./'Kg. for from two to 
forty days are .summarized in table 1. 

Also summarized in this table arc the re.sults of the effects of ergotamine tar- 
trate given in dosages of 1.0 to 2.5 mg./Kg. It can be noted that gangrene de- 
veloped at the tips of the fails and that there ultimately was sloughing of from 
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J to J of the eotire tail in every rat injected with gynergen. Animals receiving the 
lower dosages showed such damage much earlier than those injected with the 2.5 

TABLE 1 

Results of tests of chronic toxidly of dihydroergotaminc melhanesulfonate (D.B.B. 4^) 


and ergotamine tartrate {as gynergen) in rats 




Ko.or 

INT^VE- 


PKUO INjrCIED 

SOSAGS 

AKl* 

VAIS 

Asmms- 

ixAxrows 

SSST7LTS AKt> COUUXKT 


mt./Kc. 


days 


D.H.E. 45 

S 

4 

22 

No observable change in animals* actions 

1 




after marked jitterlness following firet 2 
or 3 injections. 

1 


2 

32 

No observable change in animals’ actions 





after marked jitteriness following first 2 
or 3 injections. 



5 

33 

One animal died suddenly 2-3 min. after 

1 




33rd day of injection. 



2 

40 

Sacrificed for histological sections. 


JO 

6 

1-5 

One killed at 1st; 3 at 2nd inj. 

No observable changes. 

’ i 


3 

16-20 



s 

21-25 

One killed with 24th injection. 



4 

26-30 




6 

33 i 




2 

35-40 

Sacrificed for histological study. 


20 

2 

2 

Sacrificed for sections 1 week later. 


1 

3 

12 

All animals died suddenly. Questionable 





drug contamination. 



4 

40 

No observable gross changes. Minimal 




1 

microscopic findings. 

Gynergen j 

1.0 

9 

4or5 

Necrosis and gangrene of tip of tail within 

1 




2 to 4 days. 



2 

6-10 

Necrosis and gangrene of tip of tail within 



1 


2 to 4 days. 



, 4 

20-25 

Pregnancy and delivery. 


1.25 

3 

2or3 

Necrosis, gangrene, diarrhea noted in dura- 





tion of treatment. 


2.5 

3 

5-10 

Marked diarrhea. Gangrene of tip of tail 





after 7-10 days of injection. 

Normal ealine 

2% of body 

5 

22 

No observable changes. Microscopic 


weight 



areas of degeneration in heart com- 
parable to treated animals. 


mg. amount. Loewe and Lenke (13) e.xplained this as being due to a marked 
diarrhea which ergotamine elicits in the animal since a greater excretion of the 
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drug occurs in those which receive larger dosages. The phenomenon of diarrhea 
and delay in appearance of gangrene was evident in the present study. 

Five of seven rabbits receiving 4.0 mg./Kg. of ergotamine tartrate intraven- 
ously died within 24 hours while four animals given 30 mg./Kg. of DHE and 
three receiving 35 mg./Kg. survived. 

The subcutaneously administered dosage of 0.5 mg./Kg. of DHE caused no 
noticeable effects on puppies, but twice that amount routinely elicited vomiting 
within 5 to 15 minutes in one animal. Gynergen administered in 0.25 or 0.5 
mg./Kg. amounts elicited similar effects, i.e., the smaller dosage was innocuous 
while the larger amount regularly caused emesis. Vomiting was produced regu- 
larly in adult dogs when 0.4 mg./Kg. of DHE was given intravenously before 
anesthesia tests were made. 

The puppies all continued to gain in weight. Those receiving either the small 
or large dosage of DHE gained at equivalent rates. The animals receiving the 
larger dosages of gynergen gained weight but only at a very low increment. 
These animals also had rough, dull, ruJfied hair which was a distinct contrast to 
the sleek, glossy appearance of the other members of the litter. At adulthood the 
two animals which had been given the greater dosage of gynergen were not as 
large nor as heavy as their litter mates. Since but two animals were available 
for each dosage of the two drugs in these tests, the smallest htter mates con- 
ceivably could have been selected for the higher dosages of gynergen. 

The isolated, perfused virgin guinea pig uterus subjected to DHE did not alter 
its rate or strength of acti\dty but the addition of gynergen in the oxygenated 
solution was followed by an increase in tonus and in rate and strength of uterine 
contractions. This conhrms previous observations (C) that DHE does not 
affect the uterus, i.e., that it lacks oxytocic action. Normal gestation and 
delivery occurred despite daily injections of either drug into normal rats. Treat- 
ment with ergotamine throughout the entire three week period was difficult due 
to the gangrene which it elicited in the animals’ tails. Following administration 
of the two drugs there seemed to be a definite difference in the manner in which 
the mothers cared for their Utters. Those which had received DHE raised most 
of the litter to maturity but the ergotamine treated mothers took little care of 
their offspring and the survival rate was but 25 to 33 per cent of the animals bom. 
Treatment was always stopped upon delivery. 

The electrocardiograms taken from dogs and monkeys during the entire 50- 
second period of injection of DHE, and at approximately 10-second intervals 
thereafter for 5 minutes, showed the same characteristic changes from normal 
for both species. Original sino-auricular tachycardias, averaging about 150 
in the dog and 100-180 in monkeys, were slowed by 10 to 25 beats per minute. 
The only alteration of the electrical complex was a decrease by J to § in the 
amplitude of the T-wave. From an initial average negative potential of 3 or 
4 mm. in lead II it dropped to 1 or 2 mm. 

The results of studic.s of protection from cyclopropane-epinephrine ventricular 
tachycardia made on dogs arc summarized in table 2. In previous tests (10) 
it was determined that 0.12 to O.IC rog./Ivg. of ergotamine tartrate afforrlcd 
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protection which lasted for approximately two hours. From the table it is 
evident that in the present investigation such amounts of DHE were inadequate 
but that doses of 0.4 mg./!Kg. gave protection to each of 8 animals tested. Sub- 
sequent administrations of epinephrine indicated in three animals that the 
protective action was present after approximately 30 minutes but not at 60 
minutes,' while in three other animals it lasted for two hours. Two additional 
animals had protection from ventricular tachycardia but the duration of the 
action was not determined. 


TABLE 2 

Effects of dihydroergotamine meihanesulfonate on cardiac irregularities produced delib- 


erately in the dog or occurring spontaneously in the monkey 


TtO.OTAKDCAtS 

TUSTED 

AKOUNT or D JI.E. 
4S INJECTED 

lEStTLTS 

Dogs 

3 

ms.IRc. 

.05 to .075 

No protection from cyclopropane-epinephrine ventricular 
tachycardia in the dog. 

S 

0.2 

3 animals still responded with ventricular tachycardia when 
0.01 mg. of epinephrine per Kg. was injected. 5 animals 
were protected from such an arrhythmia. 

8 

0.4 

All 8 of the animals in this group were protected from ven- 
tricular tachycardia. In 3 of the animals the protection 
lasted for more than the two hours over which tests were 
made. In 3 others protection was present for at least 
27 and 35 minutes, respectively. The duration of protec- 
tion was not determined in the other 2 animals. 

Monkeys 

3 

0.4 j 

1 

j 

i 

A-V nodal rhythm, ventricular extrasj’stoles and ventricular 
tachycardia occurred in all 3 animals in control anesthesia 
periods. On asubsequent day, the JD.H.E.was injected i.v. 
5 minutes before anesthetic induction vrith cyclopropane. 
The irregularities were entirely prevented in 2 of the 
monkeys and a marked reduction in their degree and dura- 
tion occurred in the third animal. 


When cyclopropane was admim’stered to the Macacus rhesus each of three 
monkeys had severe cardiac irregularities which included auriculo-ventricular 
nodal block, ventricular e.xtrasystoIcs and ventricular tachycardia. The ir- 
regularities were particularly evident during the induction stage of anesthesia. 
On a subsequent day 0.4 mg./Kg. of DHE was administered intravenously to the 
animals, and 5 minutes later anesthetic induction was begun. Tliere was a com- 
plete absence of all irregularities in two of the monkeys and the third had a signif- 
icant reduction in both the degree and duration of such irregularities as is in- 
dicated also in table 2. 
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In a previous report (9) it « as stated, that with various anesthetic agents, the 
injection of epinephrine following DUE adinini=tration did not cause a typical 
ergotamine-type re^■crsal of the blood pressure. An increase in the number of 
animals tested necessitates a modification of this .statement in that such a failure 
of reversal invariably was not noted. Figure 1 shows two giaphs of blood 
pressure representative of the results which were obtained in 9 of 12 sucli tests. 
When epinephrine was given after a single dosage of 0.4 mg./Kg. of DHE there 
was a rise but no subsequent fall of blood pressure below th.e initial level. As is 
evident from figure 2, an occasional animal had a fall of blood pressure after an 







'H./V, 






Fro 1 GiiM'iis OF Heood PnEssi m> FnoM Two Dogs Asesthetizcd with 
Kthlr \m» C‘iii/OnoK»ji\i. Uh'>rLcTi\ ki.y 

Tho responses to 0 01 nij; /K^ of epinephrine injected mlruvcnously at a steady rate 
in 50 seconds both pieredin^ and following 0 4 mg of DHE 45 similarly administered 
arcindiealed It is evident that a reversal in the blood pressure response was not produced 
by the erj^ot like alkaloid 

initial brief hut definite li'C in le.sponse to the epinephrine. There wa.s at least a 
live minute lapso ol time between administiation.s of any of the drtigb. The total 
dosage of the ergot alkaloid wa.s a factor .since the administration of 0.2 mg./Kg. 
novel eaii.sed a reteis-al to occur in tlv blood pies.sui’c when a subsequent in- 
jection of epinciiliriiie was made, .\fter a .second 0.2 mg. Kg. dosage of DHE, 
an ineiea.se. then a decivase, in pie.ssmp followed in 3 of G animals when epi- 
iicjihiine was injected The particulai anesthetic agent was not a consistent 
factor in the type of i-cspoiiso which occuiivd. 

'1 wenty-oiip rats supplied tissue foi liistological seetions which weix" taken from 
the tail, siileen, liver, kidney, heart and lung, li\ed in 10'',’ formalin, and stained 
with lieniat o\\ li ii-eosi 11 . tstudics indieatccl that Dill*, caused no characteristic 
orsipnifieant changes in aii,\ of the tiigaiis Tlieie were some minor changes such 
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as a generalized congestion in the kidneys of one of the animals which had re- 
ceived 10 mg./Kg. of the drug 36 times. In this group of animals, however, 
there was no cellular damage, necrosis or actual hemorrhage into renal tissue. 
Sections of the lir'er from the treated animals appeared to be better than those 
from an untreated group which served as controls. Some sections from the 
hearts of both treated and untreated animals had microscopic areas of scarring 
and fibrosis resulting from a slight focal destruction of fibers, but the myocar- 
dium itself was good. In the spleen and lung there was slight vascular congestion 




_ DhL VV >1 ‘WkLN 

. . .. 1 I : 

Fig. 2 Ghaphs of Blood Presslbes From Two O.her Dogs .V.vestiietized 
WITH Neiibi’tal asv Cvclopbopa.ve, IIespectjvelv. 

Epinephrine and DHE 45 nerc administered as described in fig. 1. It is evident that 
in both experiments there nas a definite increase and subsequent decrease in blood pressure. 
The anesthetic agent used was not the responsible factor m the typo of response of blood 
pressure. Respiration is recorded on the middle line of the upper graph. A prex'ious 
0.2 mg./Kg dosage of DHE had been administered to the second animal. 

but no other pathological changes were evident. There was no significant dif- 
ference in sections of tissue taken from animals treated with different dosages of 
the drag or injected a few or many times. 

Six suffcrei's of typical migraine headache who previously had used gynergen 
successfully for relief of their attacks were supplied with DHE. Each patient 
voluntarily stated that equal or better msults were obtained with the new com- 
pound in comparison with gynergen. The more favorable impressions were due 
to the absence of side cfTecis from the DHE. Three stated that the side re- 
actions which occur with gi'ncrgcn are almost as annoying and time-consuming 
as the migrainous attack but that there were no such cfiects after DHE. 
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SUMMARY AND CONCLUSIONS 

Dihydroergotamine methanesulfonate (D.H.E. 45) must be administered in 
at least twice as great an amount as ergotamine tartrate (as “Gynergen”) for 
comparable therapeutic results. 

A solution containing 0.1% concentration of DHE does not permit admin- 
istration of enough of the drug to make a determination of acute toxicity in 
Sprague-Dawley rats. Daily administrations of from five to twent 3 ’’ times as 
much DHE as gynergen were continued for two to three times as many -daj's 
iiithout the production of gangrene in the tails of anj- of the animals treated 
■with DHE in contrast to the production of gangrene in the tails of everj’ animal 
treated nith gynergen. 

Rabbits given intravenous injections of 4.0 mg./Kg. of gjmergen usuallj’’ were 
killed while none died with 30 and 35 mg./Kg. of DHE. 

No oxytocic effects were produced by DHE either with tn vitro tests of idrgin 
guinea pig uteri or ivith in vivo tests of injections of the drug throughout the en- 
tire gestation period in albino rats. 

Cardiac irregularities produced by the injection of epinephrine into dogs 
anesthetized with cyclopropane were completely inhibited by a preceding ad- 
ministration of 0.4 mg./Kg. of DHE. Epinephrine administrations w'hich 
followed DHE injections generally did not produce a reversal of the blood pres- 
sure. With sufficiently large doses of DHE it could be elicited occasionally. 

Cardiac irregularities produced spontaneously during the administration of 
anesthetic agents to monkeys were compIetel 3 ’- prevented by a premedicating dose 
of 0.4 mg./Kg. of DHE. 

No significant pathological effects were evident in the sections of liver, kidney, 
spleen, heart or lung taken from rats after the administration of 5, 10, or 20 
mg./Kg. doses of DHE even when injections were continued for 40 successive 
days. 
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In the last few years, a numljer of studies have been conducted on the dis- 
tribution of antimony in tissues following its parenteral administration. In 
these studies, blood levels have been of particular importance because of the 
proved value of antimonials in the treatment against parasites found in the blood 
such as the human schistosomes and Dirojilmia immitis of the dog. Schistosoma 
mansoni and D. immitis have been shown to exhibit a specific uptake of anti- 
mony (1, 2) presumably explaining, in part, the therapeutic effectiveness of 
antimonials. During a continuation of the latter studies, it was found that the 
blood concentration of antimony following a single dose of tartar emetic was 
similar in man and the dog (3). 

The experiments reported in the present paper were carried out with the view of 
determining the pattern of distribution of antimony in the tissues of the albino 
rat, an animal which has been extensively used in pharmacologic studies. 

Method. Hadioantimony was prepared by the bombardment of an alloy of copper and 
antimony aa a probe target in the 60-inch cyclotron of the Department of Terrestrial Mag- 
netism, Carnegie Institution of Washington. Two isotopes of antimony were used, Sb*’* 
with a half life of 60 days and Sb'” with a half life of 2.8 days. 

The antimony was chemically separated from the other elements of the target as an- 
timony trioxide and converted to tartar emetic. Blood and tissue samples were dried in 
vacuo over phosphoric acid anhydride at room temperature after careful wet weight meas- 
urements were made on each sample. The dry weights were then determined and the 
tissues ground to a uniform powder in a mortar. Standards were prepared by adding a 
known amount of tartar emetic containing the radioantimony to a weighed amount of 
tissue and dried exactly as the specimens containing the unknown amounts of antimony. 

An aliquot of the dried tissue powder, usually 500 mgms., was spread evenly in a Incite 
cup, each sample or standard having a separate cup for measurement. The counts per 
unit time were determined by the use of a Geiger-Mueller tube with suitable scaling and 
counting circuits. By a direct comparison of the counts of the known standard and the 
unknown sample, after corrections were made for background radiation, sample size, 
weight lost in drj-ing, and radioactive decay, the amount of antimony in the wet sample 
was determined. 

Results. All antimony was administered as tartar emetic. The concen- 
tration of antimony in the blood of dogs injected intravenously’’ with 0.8 mgm. of 
antimony per kilogram of body weight is indicated in table 1. The blood level 
dropi)ed very’ rapidly during the first S hours after injection. It will be noted 
that very small amounts of antimony remained in the blood after this interval, 
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the concentration remained at about 0.1 microgram during the folloiving 3 days. 
In fact, other protocols indicate that amounts of about tins magnitude remained 
in the blood for at least 14 days.' 

The blood concentrations were determined on a number of white rats after the 
intraperitoneal injection of 1.6 mgms. of antimony per kilogram of body weight 
as indicated in table 2. For the first 4 hours, these concentrations appear to 
parallel those of dogs. However at 8 hours the concentration is double that of 

TABLE 1 


Mierograna of antimony per gram of blood of dogs after the intravenous administration of 
0.8 mgm. of antimony per kilogram of body weight as tartar emetic 


BOtrSS ATTM INJECTION 

KUBBEX or DOCS 

A^’EXACE UICZOCXAUS OT ANTDCONY 
PCX eXAM BLOOD 

1 

7 

0.57 

2 

6 

0.41 

4 

7 

0.24 

8 

7 

0.12 

24 

10 

0.09 

36 

S 

0.07 

48 

4 

0.05 

72 

3 

0.11 


TABLE 2 


Micrograms of antimony per gram of blood of white rats after the intraperitoneal administration 
of 1.6 mgms. of antimony per kilogram of body weight as tartar emetic 


4 

BOnS AfTEX INJECTION 

NUICBEX or WHITE XATS 

AVESACE IGCXOCXAVS OT ANTZUONT 
^ PEX eXAU BLOOD 

1 

9 

0.58 

2 

5 

0.22 

4 

8 

0.18 

8 

7 

0.30 

24 

6 

2.07 

48 

4 

2.79 

72 

1 

3.59 


4 hours, and at 24, 48, and 72 hours there is a great increase in the concentration 
so that at this last interval the concentration has increased twentjiold over the 
4-hour concentration. 

In order to determine if the different dosages or routes of administration were 
responsible for the discrepancy in these concentrations, a dog was injected in- 
traperitoneally with 1.6 mgms. of antimony per kilogram (the same dosage and 
route used for white rats). The results of the examinations of blood samples 
from this dog are indicated in table 3. It will be seen that the concentrations for 
the first 4 hours are higher than those of tables 1 and 2 but thereafter the cur\’e 
parallels that of dogs injected with the lessor dosage. These blood concentra- 
tions .are indicated in figure 1. 
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Data regarding the concentration of antimony in the liver, spleen, and kidnej’s 
are available for a few animals. Table 4 indicates these concentrations in dogs 
and table 5 indicates similar data for white rats. It will be observed that of the 
organs analyzed the liver invariably had the greatest concentration of antimony. 
It will be further noted that the livers of white rats contained only about half the 
concentration of antimony at 24, 48, and 72 hours as did those of dogs. No 
striking differences were observed in the antimony content of the spleen. The 
kidneys of rats appeared to have a much gT'^ater concentration of antimony at 
24 and 48 hours than did those of dogs. 

Discussion. It is evident that a considerable difference occurs between dogs 
and white rats with respect to their blood-antimony concentrations. The recent 
work of Bartter et al. (3) indicates that the rate of disappearance of antimony 
from human blood after the administration of tartar emetic is almost identical 

TABLE 3 


Micrograms of antimony per gram of blood of a dog after the intraperitoneal injection of 1. 6 
mgms. of antimony per kilogram of body weight as tartar emetic 


mtx. Arm ikjxctjon 

UJCYOGftAXlS ANTIMOKY I>£S CXAU OF BLOOD 

4 minutes 

0.22 

8 minutes 

0.39 

16 minutes 

0.97 

29 minutes 

1.55 

1 hour 

1.52 

2 hours 

1.23 

4 hours 

0.77 

8 hours 

0.55 

24 hours 

0.33 

36 hours 

0.27 

48 hours 

0.28 

72 hours 

0.22 


Avith that observed in dogs. Two graphs prepared from data of these authors are 
included in Figure 1 for comparison with graphs based on the data in our tables. 

Incomplete data available for laboratory animals other than the dog indicate 
that the late high blood-antimony concentration in the white rat represents an 
anomalous situation. Pooled blood samples of groups of 5 white mice showed 
the following antimony concentrations per gram of blood after the intraperitoneal 
injection of 1.6 mgms. per kilogram: At 1 hour, 0.91 microgram; 24 hours, 0.09 
microgram; 48 hours, 0.06 microgram; and at 72 hours, 0.07 microgram. In 
6 cotton rats (Sigmodon sigmodon hispidus), the average blood concentration 
24 hours after the intraperitoneal administration of 1.6 mgms. of antimony per 
kilogram was 0.22 microgram per gram. A guinea pig injected intrapcritoneally 
with 1.6 mgms. of antimony per kilogram showed the folloning concentrations 
per gram of blood: At 15 minutes, 0.60 microgram; 1 hour, 1.11 micrograms; 
2 hours, 0.94 microgram; 4 hours, 0.69 microgram; and at 8 hours, 0.47 micro- 
gram. Smith, Cowie, and Hill (1) have indicated graphically that the blood 
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antimony concentration of golden hamsters continued to decrease after the 
administration of tartar emetic when examinations were made at 1, 4, 12, 24, and 
48 hours after injection. 
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HUMAN— tt MILLIGRAMS ANTIMONY / KILOGRAM 
BODY \i, EIGHT (INTRAVENOUS injection) 



Fig. 1. Guaphic Comparison of the Blood Concentration of Antuiont in 
White Rats, Dogs, and Man 

Koto that the ordmale scales are not uniform. The data for the curves in man arc taken 
from Barttcr et al. (3). 


The blood samples of one dog were fractionated into the cellular constituents 
and plasma after the intravenous administration of 0.8 mgm. of antimony per 
kilogram. The results obtained on samples taken at various intervals up toj4 
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hours after injection are shown in table 6. The rate at which antimon}' leaves 
the plasma is even more rapid than the rate of its clearance from whole blood. 
Of the tissues considered in this report, the livers of dogs showed a higher 

TABLE 4 


Micrograms of antimony per gram of various tissues of dogs after the intravenous 
administration of 0.8 mgm.'of antimony per kilogram of body 
weight as tartar emetic 



LIVE* 

j SPLEEM ' 

j KIDNEY 

HOUSS AFTEK 
INJECTIOK 





Cortez 

1 Medulla 






No. dogs 

Micrograms 



24 

mm 

9.79 

4 

0.50 

4 

0.78 

3 

0.33 

36 1 


11.10 

4 

0.54 

2 

O.SO 

2 

0.33 

48. I 


7.25 

1 

0.60 

1 

0.72 

0 

— 

72 

■■ 

0.39 j 

1 

0.99 

1 

0.60 

0 

— 


TABLE 5 


Micrograms of antimony per gram of tissue of white rats after the intraperitoneal 
administration of 1 .6 mgms. of antimony per kilogram of body 
weight as tartar emetic 


HOD8S AETE* INJECTION 

NO. KATS 

L1>X* 

SPLEEN 

W'HOLE SIDNEY 

2 

1 

6.90 

0.46 

2.78 

4 

1 

16.70 


2.36 

8 

1 

10.77 


3.39 

24 

1 

4.13 


3.22 

48 

4 

2.18 

1.33 

1.11 

72 

1 

2,66 

0.45 

0.65 


TABLE 6 

Partition of antimony between plasma and blood cells during the first 4 hours after 
intravenous injection in a dog 


TIME ATTE* INJECTION 

lUCXOCRAMS antimony 
PE* C*AM WHOLE 
SLOOO 

MICIOCXAMS ANTIMONY 
PE* CKAM OP CELLS 

M1CZ0CKAM5 ANTIMONY 
FE* CZJM OP PIASVA 

EATIO OP antimony IN 
CELLS AND PLASMA 

15 minutes 

1.3 

1.8 

0.25 

7:1 

30 minutes 

1.1 

2.0 

0.23 

9:1 

1 hour 

0.9 

1.7 

0.13 

13:1 

2 hours 

0.7 

1.2 

0.06 

20:1 

4 hours 

0.4 

0.7 

0.02 

36:1 


concentration of antimony 2 and 3 days after the injection than did those of white 
rats although the dogs received but half the dose given the white rats. The 
concentrations in the spleens of these animals appeared similar. At 24 and 48 
hours, the kidneys of rats showed considerably more antimony per gram than did 
either the cortex or medulla of dog kidneys at the same intervals. 
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It appears from these observations that it is possible to infer something con- 
cerning the course of antimony through the tissues of the dog and rat. If we 
assume that the blood represents about 8 percent of the dog’s weight, then after 
the intravenous injection of 0.8 mgm. per kilogram there would be 10 micro- 
grams of antimony p>cr gram of blood. The highest concentration found 15 
minutes after the intravenous injection in any dog injected with this dosage was 
1.3 micrograms indicating that most of the antimony had already left the blood. 
It would appear that most of this antimony had been absorbed by the liver in 
view of the large amounts recovered from that organ. IMiile this process was 
going on, a considerable fraction of the antimony remaining in the blood was 
entering the erythrocj'tes from the plasma. The antimonj- in the liver must 
again reach the blood either by excretion in the bile and reabsorption by the 
intestine or by direct absorption from the liver. The available data do not 
indicate which method is of greater importance. 

In the case of the rat, the highest concentration in the liver was found 4 hours 
after injection. The amount decreased thereafter. The concentration in whole 
kidneys was highest in the 8 and 24 hour samples and decreased thereafter. It 
would appear that in the rat antimony accumulates in the liver during the in- 
terval in which the blood concentration is the lowest, and is then discharged into 
the blood for the next several days. In spite of an increasing blood concentration 
after the first day, the kidney concentration showed a gradual decrease. 

The quantitative determination of antimony by the use of radioactivity gives 
no clew as to the chemical state of the antimony. Indirect evidence indicates 
that the antimony compound accounting for- the high blood concentrations of 
2 and 3 micrograms per gram of blood in white rats is considerably less toxic 
than the originally injected tartar emetic. Xone of the rats showed evidence of 
antimony intoxication during these experiments. On the other hand, doses 
sufficient to cause blood concentrations as high as 2 micrograms per gram of blood 
in dogs were fatal. These concentrations uere observed only within the first 
hour after injection. 

The white rat has been used to a considerable extent in screening antimony 
compounds for their therapeutic possibilities. In view of the discrepancy be- 
tween blood levels in this animal and in man, the results of screening should be 
interpreted with caution until it is shown that the compound accounting for the 
antimony in the blood at later intervals is not therapeutically cfTective. 

.srxni.vRY 

Dogs and rats were injected with tartar emetic prepared from radioactive 
antimony. Antimony concentrations in the blood and tissues of rats were con- 
siderably different from those in dogs and, judged by available data, were also 
ditTcrcnt from concentrations encountered in man, white mice, cotton rats, and 
hamsters. 

In wliitc rats, the blood antimony is characterized b\- an increasing concen- 
tration beginning at S hours and lasting at least for 72 hours. This is in con- 



180 


NESS, BRADY, COWIE AND L.1AVTON 


trast to that in naan and in the dog in which the concentration is decreasing to 
very low levels at these intervals. 

There is some indication that the antimony compound appearing in the blood 
of the white rat at later intervals is considerably less to.vic to the rat than its 
tartar emetic precursor. It is suggested that results obtained in screening anti- 
monial compounds in white rats be interpreted with caution until more is learned 
of the phenomenon. 
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In a series of papers (1, 2, 3, 4) dealing with the synthesis of alkylamino al- 
cohols and their esters, Arthur C. Cope, Evelyn M. Hancock, et al. described the 
prepaiation of a large series of compounds having the basic tj^pe structure: 

A CsHsCOO— C— C— NHR 

or 

B CeHsCOO— C— C— C— NHR 

Thete auttvors vncluded \n thevt publications brief summaries dealing with, the 
toxicities and local anesthetic properties of these compounds. Alore complete 
pharmacological data on these substances are presented in this communication. 

The compounds u ere first screened on the basis of solubility. The 131 more 
readily soluble pieparations were ne.\t investigated for toxicity following sub- 
cutaneous injection for surface anesthesia and irritation, and for infiltration anes- 
thetic properties Cocaine and procaine were used as refeience standards. 

The object of this prelimmarj' investigation was to eliminate those samples 
which did not compare favorably with the reference standards. Since a rela- 
tively small number of animals were used in these tests, the lesults present only 
a rough quantitative estimate of their activity. Those compounds which com- 
pared favorably with the reference standards w ere tested for intravenous to.xicity, 
for irritation following intradermal injection and for stability to autoclaving in 
aqueous solution Fmally. a ceitain few compounds found to be equal or 
superior to cocaine and piocaine were submitted to a more extensive pharmaco- 
logical study. 

Methods Toxicity Mice from the Carworth strain, haung an average weight of 20 
grams were used for these tests. For the determination of subcutaneous toxicity, at least 
5 mice were used per dose level, to determine intravenous toxicity, 10 mice were used per 
dose level. 

Surface anesthesia The method used was similar to that as described by Sollmann (5). 
A heax-y bnstle was substituted for the lead pencil in testing the anesthetization of the eye 
of rabbits. The bristle was brushed across the eye at least twice for each determination, 
care being taken to approach along the side of the animal’s head so that a x-isual reaction 
would not occur. The pouch formed by pulling the lower lid was filled with the test solu- 
tion which remained in contact with the eye for 2 minutes, after which time any excess was 
allowed to escape. The sensitix’ity of the cornea was determined at 5 minute inten-als 
until the blinking reflex reappeared. Since there was considerable xariation in sensitixity 
among indixidual rabbits, the drug to be tested was applied to one eje in concentrations 

ISl 
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ranging from 0.1 to 1% and cocaine in 0.25% solution was applied to the other eye. The 
efficacy of the preparation is expressed as the quotient of the duration of anesthesia in 
minutes divided by the per cent concentration used and also by comparing its efficacy with 
that of cocaine as determined in the same animal. Two rabbits were used in testing each 
compound except samples which seemed particularly interesting which were tested on as 
many as 12 rabbits. 

Surface irritation. Observations for signs of irritation were made immediately after 
application of , the anesthetic to the eye and at 1, 24 and 48 hours after the test. Additional 
irritation tests were conducted with weaker or more concentrated solutions to determine 
the approximate minimal concentration necessary to produce irritation of the cornea or 
conjunctiva. 

Infiltration anesthesia. The method of Alolitor and Robinson (6) was employed. The 
guinea pigs were 6rst sensitized with 35 mg./kg. ‘Pernoston’ hypnotic injected subcutane- 
ously. The abdomen was shaved and 0.1 cc. of 0.1%, 0.25% and 0.5% solutions of the drug 
to be studied was injected subcutaneously'. A like amount of similar concentrations of 
procaine was injected in comparable areas of the same guinea pig to serve as controls. A 
uniform painful stimulus, produced by forceps adjusted so that a constant pressure was 
applied to the infiltrated area, and the time required for the return of the response to this 
stimulus noted. The calculations of efficacy were made in the same manner as those for 
surface anesthesia. 

Intradermal irritation. The compounds were tested for irritation by injecting intra- 
dermally 0.1 cc. of 0.1%, 0,25% and 0.5% solution of each compound into the depilated 
abdominal skin of guinea pigs (and into the skin on the arms of human subjects). Com- 
parable areas in the same animals were injected with a like volume of sirm’lar concentrations 
of procaine. A comparison of the degree of irritation resulting from the injection of the 
drug with that produced by procaine was made using the areas of erythema, edema and 
tissue damage as criteria. 

Stability. Solutions were autoclaved for 20 minutes at 15 pounds pressure and then 
tested for topical anesthesia. Compounds with the same anesthetic activity- after auto- 
claving as before were regarded as stable. 

Substances studied. The various compounds have been tabulated in 15 different classes. 
Fourteen of these classes can be represented by- a structural key; 

Rfr Ke 

I I 

R,— C» C^— R- 

I I 

0 N 

1 / \ 

R, Rt Ri 

Ri = N-alkyl (substituent) or (group) as indicated above in skeletal formula. 

Rs = /3-aIkyl groups 
Rs = ct-alky-l substituents 

Ri = Acyl group (of ester); benzoyl or p-aminobenzoyl 
Rs = «-alkyl substituent 
R( = ^-alky-1 groups 

Rj = Same as R, — N-alkyl (substituent) or (group); usually- hydrogen. 

The remaining class has the following skeletal structure common to all members; 

I 1 

— c— c— c~ 


o 


X 
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Group 1 

Group lA 
Group 2 

Group 2A 
Group 3 

Group 3A 
Group 4 

Group 4A 
Group 5 

Group G 

Group GA 
Group 7 


Group S 


Benzoate HCl of 2-alkj’laminoethEnol 

C,H5COOCHsCH,KHR-HC1 

Ri varies 

R, = C^sCO 

Rj, Rji Rs, Rt ~ S 

p-aminobenzoate HCl of 2-alkylaminoethanol 
Otherwise the same as Group 1. 

Benzoate HCl of l-alkylamino-2-propanols 
C.HsCOOCH(CH,)CH5NHR-HC1 

Same as Group 1 except Ri is methyl (CHi) instead of (H). 

p-aminobenzoate HCl of l-alkj’lamino-2-propanols 
Otherwise same as Group 2. 

Benzoate HCl of 2-alk3’lamino-l -propanol 

CaisCOOCH.CH(CH,)NHR-HCl 

Same as Group 1 except Ri is methj-1 

Same as Group 2 except methj'l is on Ri instead of Ri. 

p-aminobenzoate HCl of 2-alkylamino-l-propanol 
Otherwise same as Group 3. 

Benzoate HCl of 2-alkylamino-l -butanol 

C.HsCOOCH.CHCCjHONHR-HCl 

Same as Group 1 except Ej is ethyl 

Same as Group 3 except R- is ethj-1 instead of methyl. 

p-aminobenzoate HCl of 2-alkylamino-l -butanol 
Otherwise same as Group 4. 

p-aminobenzoate HCl of 2-alkj’lamino-2-methyl-l-propanol. p-lCH-CtHi- 

COOCHsC (CHi) jNHR • HCl 

Same as Group lA except Rj and R* are methj-l. 

Same as Group 3A except Rj (as well as R:) is methj-1. 

Benzoate HCl of l-alk3-lamino-2.methvl-2 -propanol 

C.H iCOOC (CH.).CH,NHR • HCl 

Same as Group 1 except Ri and Ri are metbj-1. 

Same as Group 2 except Rj (as well as Bj) is methj-1. 

p-aminobenzoate of l-alkj'lamino-2-methj’I-2-propanol. 

Otherwise the same as Group 6. 

Esters of I-cj’clohcxj-lamino-2-mcthvl-2-propanols 
RCOOC(Cnj).CH;NHRCai,i-HCl ' 

R< varics-csters of various acids 
Ri and Rj arc methyl (CHj) 

Rj.Rt, Rrarc (II) 

Ri is c\-clohc.\j-l 

Docs not fit in formula. 

p-aminobenroate HCl of S-alkvIaniino-l-propanols 
p Xn;C.n.COOCH:Cn.CH:NHR-HCl 

These compounds have three carbon atoms between the ester and amino croup 
of l^^o as in Group 1. 

Hi « p-aminobcnroyl 
Hj varies 
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Group 9 p-aminobenzoates of-2-diaIky]amino ethanola 
p-NHjCtHjCOOCHjCH-NR, -HCl 
R 4 = p-aminobenzoyl 
Rj and R? vary 

Group 10 Same as Group 9 except Rj is methyl 


Group 11 p-dialkylaminobenzoate HCl of 2-alkylamino ethanols 
P-R,NC.H4 COOCH,CHjNHR-HCI 
R 4 = p-dialkylaminobenzoyl 
Ri and R 4 vary 

Group 12 Same as Group 11 except Rs = methyl 

Group 13 Same as Group 11 except Rj = ethyl 

Group 14 Phenyl urethane HCl of 2-alkylamino ethanols 
CeH,NHCOOCHiCH,NHR ■ HCl 
R 4 = phenyl urethane 
Otherwise same as Group 1 . 


Group 15 Same as Group 14 except Ri = methyl 


Results. The quantitative results of the screening tests of tlie more in- 
teresting compounds are presented in table 1. This table does not contain all 
of the compounds tested. Many have been omitted as they already appear in 
print (1, 2, 3, 4) and the additional information that was obtained is of no particu- 
lar value as these compounds were found to be too toxic, too irritating or lacking 
anesthetic activity. 

For purposes of selecting compounds for further pharmacological study and 
possible clinical use, the following criteria were used: a topical and infiltration 
anesthetic index equal to or greater than 1, irritation comparable to or less than 
cocaine or procaine, good solubility and stability to autoclaving. Of the 9 
compounds (marked with an asterisk *) which were found to compare verj’^ favor- 
ably with both procaine and cocaine, three, namely, 2-cyclopentylamino-l- 
propyl-p-aminobenzoate HCl, l-Cyclopentylamino-2-propyl-benzoate HCl, 2- 
isopropylamino-l-butylbenzoate HCl, were selected for further pharmacological 
investigation (table 2). 2-Isopropylamino-l-butylbenzoate HCl was the least 
irritating on topical application, possessed a low intravenous toxicity and was 
readilj' soluble. This compound showed a slight loss of anesthetic potency on 
autoclaving, which however, did not significantly reduce its higher anesthetic 
index in comparison to procaine or cocaine. l-Cyclopentylamino-2-propylben- 
zoate HCl had the best infiltration anesthetic index and its solubility and stability 
were satisfactory. 2-CycIopentylamino-l-propyl-p-aminobenzoate HCl pro- 
duced no topical irritation at 5% concentration, was no more irritating on intra- 
dermal injection than procaine, was readity soluble and was stable to auto- 
claving. 

l-Cyclopentylamino-2-propylbenzoate HCl compared favorably to procaine 
and cocaine on the basis of the anesthetic index computed from the subcutaneous 
toxicity. However, on the basis of the anesthetic index computed from the 
intravenous toxicity this compound has a higher anesthetic index than cocaine 
but possesses no adi'antage over procaine. This compound causes mydriasis 
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TABLE 1 



TOXICITY— MICE 

1 ANESTHETIC 
EmcjEScy 

ISSITATION 

Aixyj. c*ow, Hi 

L.D.St) Ong./lK.) 

1 

Surface 

Cocaioe 

tion 

Pro came 

-1 

Comea of rabbit 

Istradennal 
goinea pig 



- 1 



Group lA — p-aminobenzoate HC3 of 2-alkylaminoethanol, 
p-NH,CJI.COOCHjCHJlHR-HCl 


E .4 = p-aminobenzoyl Otberwiae the same as group 1 


3 -Pentyl 

425 


1 

1 

Slight at 1.0% 


2-(4-Metbylpentyl) 

125 


1 

1 

None at 0.6% 


2-Heptyl 

125 


2 

2 

None at 0.5% 


2-Octyl 

250 

33 

5 

5 

1 

None at 1.0% 

1 

Irritating at 
0.5% 

Slight at 




1 



0.025% 

2.Nonyl 

200 


2 

1 

Irritating at 

I 


1 




0.5% 

I 

6-Nonyl 

' 175 


1 

1 

Irritating at 







1.0% 


2-Deeyl 

250 


2 1 

1 

Irritating at 







0.5% 


Cyclohexyl 

400 

1 

1 

2 

Slight at 1.0% 


3,3,S-Trimethyl-cyclo- 

225 


1 

1.5 

Slight at 0,5% 

1 

hexyl 




1 



Butyl 

250 


0.2 

1.5 

None at 5.0% 


Isobutyl 

450 


0.5 

2 

None at 1.0% 


n-Amyl 

125 


1 


None at 0,5% i 


2-Octyl sulfate 

175 


2 

1.5 

Slight at 0.5% 


2-OctyI sulfamato 

175 


1 

2 

Slight at 0.25%| 


2-Octyl d-tartrate 

200 


0.7 

2 

None at 1.0% 1 


2-Octyl glycolatc 

200 



2.5 

Slight at 1.5% 

Irritating at 1% 

2-Octyl citrate 

150 




Slight at 0.1% 



Group B — ^Benzoate HCl of l-a]kylanuuo-2-propanol8, 
C,H,C00CH(CH,)CH.NHR.HC1 

Rj varies Ri = methyl (CH>) R, >= CiHiCO Rj, Rj, Ri = H 


Cyclopenlyl* 

Cj-clohcxyl* 


35 i 

1 

0.76 

5 

Slight at 2.0% j 
None at 1.0% 

= to procaine 

B 

30-35 

0.75 

2-2.5 

Slight at 2.0% 
None at 1.0% 

= to procaine 
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TABLE 1 — Continued 



1 TOXICTTV- 

—MICE 

1 ANESTHETIC 
EPFIOENCy 

1 IRRITATION 

AtEYL GROUP, Rl 

1 

L.D. SO (mg./kE.) 

Surface 

Cocaine 

Infiltra- 

tion 

Procaine 

«a 1 ' 

Cornea o{ rabbit 

Intradermal 
guinea pig 



1 

« 1 


Group 2A — p-aminobenzoate HCl of l-aIkylamino-2-propanols, 


p-NH.C.H,COOCH(CH,)CH,NHR-HCI 


R4 = p-amjnobenzoyl Othemase the same as group 2 


1 

5-Nonyl I 

225 1 

1 


2.5 

2 

Slight at 0.25% 
None at 0.1% 

Irritating at 
0.05% 

4-(2,6-Dimethyllieptyl) j 

1 

250 

1 

35 

2.5 

2 

i 

Slight at 0.5% | 

1 

Irritating at 
0.25% 

Slight at 0.05% 

4-Glycolate 

475 

35 

5 

5 

1 

Slight at 0.5% 

Irritating ftt 
0.25% 

Slight at 0.05% 

5-(2,8-DimethyInon3'l) 

>400 


2 

3 

Irritating at 
0.1% 

Slight at 0.05% 
Irritating at 1% 

Cj'olohexj’l 

250 

25 

1 

4 

None at 2.0% 

1 

Slight at 

0.025% 

Cycloliexyl glj-oolate 

250 

I 

2.5 

2.5 

None at 1% 

Slight at 0.05% 

Cyolopentyl* 

400 

1 

40 

2 

2 

None at 3.0% 

ss to procaine 


Group S — Benzoate HCI of 2-aIkyIainino-l-propanoI, CjH5C00CHiCH(CHj)NHR-HCI 


Ri varies Rj = methyl (CHj) Ri = CtHiCO R,, Rj, R? = H 


Cycloliexj’I* 

1000 

35 

2.5 

2-3 

1 Slight at 1.0% 
None at 0.5% 

= to procaine 

Cyclopentyl* 

>1000 

50 

1 

2.5 

2 

Slight at 3.0% 
None at 2.0% 

None at 0.5% 

4'(2,6-I)imethylheptyl) 

>1000 


2.5 

2 

1 Slight at 1.0% 
None at 0.5% 

Irritating at 
0.1% 


Group SA — p-aminobenzoate HCI of 2-aIkylamino-l-propanol, 
p-NHiC,H,COOCH.CH(CH,)NHR-HCl 
R4 = p-aminobenzoyl Otherwise the same as group 3 


3-Pentj’l 

550 

1 

1 ! 

1 

2 

None at 3% 

* Very slight at 
0.05% 

4-Heptyl 

350 


2.5 

2 

Slight at 2% 
None at 1% 

Slight at 0.05% 

5-Nonyl 

250 


2.5 

2 

Slight at 0,25% 
None at 0.1% 

Irritating at 
0.05% 

4-(2,6-Dimethy]heptyI) 

600 


3 

2 

Slight at 0.5% 
None at 0.25% 

Slight at 

0.025% 

Cyclohexj'l 

I 550 


2 

4 

None at 1.2% 

Slight at 

0.025% 

Cj’clopentj'l* 

750 

35 

2-2,5 

2 

None at 5% 

None at 0.o% 























TABLE 1 — Continued 



TOXICITy~UICE 

ANESTHETIC 

EITICIENCY 

! lEKITATION 

i 

ALKYL CKOUP, Rl 

L.D. 50 Cms./kE.) 

Surface 

Cocaine 

InSUra* I 

tion ' 
Procaine j 

ES 1 

Cornea of rabbit 

Inlradennal 
guinea pig 


s.c. 1 l.V. 

« 1 



Group 4 — Benzoate HCl of 2-alkylainino-l-butanol, CtH 5 COOCH:CH(C:H 5 )NHR-HCl 
Ri varies Ej = ethyl R* = CjHjCO Rj, Rs, R? = H 


Cyclohexyl* 

>750 

25 

2.5 

2.5 

None at 1.5% 

= to procaine 

Isopropyl* 

>1000 

60 

0,75 

2-2.5 

None at 10,0% 

None at 0.5% 

Cyclopentyl 

760 

30 

0.5 

3-5 ; 

1 

None at 1.5% 

s= to procaine 


Group 4A — p-aminobenzoate HCl of 2-alkj'lamino-l-biitanol, 
p-NH.CeH,COOCHjCH(C.H5)NHR ■ HCl 
Ri = p-aminobenzoyl Otherwise the same as group 4 


Isopropyl 

700 


2-2.6 

2-2.5 

None at 1.5% 


3-Pentyl 

550 

32 

1 

1 

Slight at 2.0% 
Very slight at 

= to procaine 

4-Hcptyl 

250 

30 

1 

2.5 

2.5 

1% 

Slight at 0.25% 

Very slight at 

4-(2,6-Dimethylheptyl) 

700 

40 

10 

3 

Irritating at 

0.05% 

Severe at 0.25% 

4-(2,6-I5imethylheptyI' 

Glycolate) 

700 

40 

5 

4 

0.25% 

i 

Slight at 

0.025% 

Slight at 0.25% 

Cyclohexyl 

500 

30 

2 

2.5 

Slight at 1% 

Slight at 0.25% 

Cyclohexyl glycolate 

400 

30 

2 

3 

Slight at 1% 

Slight at 0.25% 

Cyclopentyl* 

750 

35 

2 

2 

None at 1.5% 

= to procaine 


Group 6 — p-aminobenzoate HCl of 2-allcyIamino-2-methyI-I-propanoI, 
p-NH-.C,H,COOCH.C(CHj)-.NHR- HCl 


Ri varies 

Ri, R< = 

= methyl (CHj) 

Ri = p-aminobenzoyl Rj, Rj, Ri = H 

Cyclohexyl 

225 1 

2.5 { 4 

None at 0.0% 



Group 6 — Benzoate HCl of l-alkyIamiilo-2-mothyl-2-propanoI, 
C,HsCOOC(CH,);CH:KHRHCl 

Ri varies Ri, R» = methyl (CHj) Ri = CiHsCO R., Ri = H 


Cyclopcntyl j 

200 

j 25 1 2-2.5 ! 2.5 j Slight at 2 % 

= to procaine 


1 

1 ‘ 1 1 None at 1.5% 



Group C/1 — p-nminobcnzoatc of l-alkyInniino-2-mcth3’l-2-propanol, 
P-NH.CtHiCOOC(CH,)iCH,XHR-lICl 
Ri = p-aminobcnzoj’I Otherwise the same as group 6 


2 Hcplyl 

2.0ctyl 

Cyclohcayl 

Cyclopentyl 

Isoamy! 


100 ! 14 i 10 

None at 1% 

1 ' 

100 I 4 10 

Irritating at 

i 

1% 

100 t 15 ; 4 1 10 

Slight at 1% 

75 ; 35 1 2-2.5' 3~1 

None at 5% 

1 35 , j 2 j 5 

Slight at 1% 


Slight at O.ISJ 
Severe at 0.5^ 
Severe at 0.5% 
Slight at 0.17c 
A’ono at 0.57 
None at 0.57 
= to procaine 


IS7 
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TABLE I— Concluded 


AZXTL GSOtTP i 

Tozicmr— MICE 

AKESXSXnC 

EmcxENOr I 

nXITATlOH 

Rj 

Rt 


Sarftce 

Cocftioe 

• 1 

Infiltra* 

tion 

Procaine 

- J 

Cornea of rabbit 

Intradennal 
gainea pig 


Group 9 — p-aminobenzoate SCI of 2-dialkylainiiio ethanols, 
p-NH,C.H.COOCH,CH,NR,-HCl 

Ej = p-aminobenzoyl Ri and Rr vary Rj, Rj, Rs, R« = H 


2-Ootyl 

Methyl 

300 

■ 


H 

None at 2% 

Irritating at 
0.05% 

2-Octyl 

Ethyl 

300 

■ 


D 

Irritating at | 
0.1% 

Slight at 0.1% 
None at 0.05% 

Cyclohexyl 

Methyl 

300 



■■ 

Slight at 1% 

None at U.6% 

Cyclohexyl 

Ethyl 

450 

■ 


2 

Slight at 0,1% 

Slight at U.i% 
None at 0,05% 


as does cocaine and has the added disadvantage in that it produces a slight de- 
pression in blood pressure on intravenous injection. 

2-Cyclopentylamiao-l-propj'l-p-aminobenzoate HCl and 2 -i 3 opropylaimno-l' 
butylbenzoate HCl were found to produce the same degree of irritation and to 
effect the circulatory and respiratorj' systems in the same degree as does procaine. 
Both compounds produce a longer duration of anesthesia than procaine or cocaine 
and have a higher anesthetic index than procaine and cocaine as computed from 
either the subcutaneous or intravenous to.xicity. These compounds may be 
regarded as both infiltration and surface anesthetics. However, 2 -cyclopenty]- 
amino-l-propyl-p-aminobenzoate HCl has several advantages in that it is com- 
pletely stable, does not produce mydriasis and may be used to advantage either 
as an infiltration anesthetic or to produce surface anesthesia. 

Discussion. Although the relation between chemical structure and pharma- 
cological activity of the 131 compounds investigated cannot be evaluated defi- 
nitely, the following general tendencies are noted. 

1. In p-aminobenzoates, substitutions of the cyclohe.xyli cyclopentyl and 
4(2, 5-dimethyl heptyl) groups as the Ri substituent enhance the anesthetic 
activity regardless of other substitutions. 

2. Benzoate and p-aminobenzoate esters containing /3-methyl or ;8-ethyl sub- 
stituents decrease the subcutaneous toxicity in mice. 

3. a-Amino esters show increased subcutaneous to.xicity in mice, increased 
irritation and decreased solubility. 

4. A comparison of the molecular weights of the compounds in each group to 
the anesthetic potency did not as a rule indicate increased anesthetic potency 
with an increase in molecular weight. 

While most of the comparisons and evaluations of these compounds are derived 
from animal studies, there appears to be a definite parallelism between the results 
obtained with animals and those observed in a limited number of experiment.® 
with humans. 
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ALETLAMDIO AXCOHOI. ESTEES as liOCAIi ANESTHETICS 


189 


son oou Kosoicvxi 

I 

1 

1 
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SOOXl 'tzxs XAXZH TDSOK 

+ 

+ 

+ 
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+ 

+ 

+ 

+ 

xavzH sanxs 
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+ 

+ 

+ 

4* 
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4* 
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+ 
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1 

gl 
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0 

H 

g 
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g 

sis 
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+ 

+ 

+ . 

+ 


X 

0 

5 

H 

B 

fi 
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1 

1 
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0 4* 
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0 4- 
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ra 
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(1) Dumln* •enjftllon directly after Injection of procaine. 

(3) A 1 0^ aolutlon cauMd a dilation In rabbit's eyes from a normal diameter of 5 mm. to 7.5 mm. 

( 3 ) Caused drop In blood pressure— other compounds produced an elevation ol blood preesuro. 

(4) + Slight depression; +4’ rceplrallon stopped for short Interval; ++4- respiration stopped for lon^ Interval 

( 5 ) 4 . » dilution of 1-50.000 required to stop heart; +++ dilution of 1-5,000 required to atop heart. 
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CONCLUSIONS 

One hundred and thirty-one compounds have been tested for surface and in- 
filtration anesthesia, toxicity, irritation and stability. Nine of these compounds 
(l-cyclopentylamino-3-propyl-p-aminobenzoate HCl, l-cyclopent3'lamino-2- 
propyl benzoate HCl, l-cyclohexylamino-2-propj'l benzoate HCl, 2-C3^clopentj’l- 
amino-l-propy] p-aminobenzoate HCl, 2-C3'clohe.xylamino-l-prop3’l benzoate 
HCl, 2-cyclopentylammo-l-prop3d benzoate HCl, 2-cyclopentylamino-l-but3'l 
p-aminobenzoate HCl, 2-C3'clohex3'lammo-l-but3d benzoate HCl, 2-isoprop3'l- 
amino-l-butyl benzoate HCl) were found to have desirable surface and infiltra- 
tion anesthetic properties. 

Compounds 2-cyclopent3'lamino-l-propyl p-aminobenzoate HCl and 2- 
isopropylamino-l-but3’l benzoate HCl were found to be comparable to procaine 
and superior to cocaine. 

Compound 2-oyclopent3dammo-l-propyl p-aminobenzoate HCl appears to 
be adaptable for surface as well as infiltration anesthesia. 
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Early in the war between the United States of America and Japan (1941-1945) 
it became apparent that a shortage of the supply of quinidine sulphate for cardiac 
therapy would result from the Japanese seizure of the main source of the world’s 
supply on the island of Java. Some, but at that time inadequate, amounts could 
still be obtained from the original but neglected stands of cinchona trees in South 
America. Hence it became of importance to determine whether the hitherto 
commonly emploj'cd commercial quinidine sulphate could be replaced effectively 
either by quinine salts, the supply of which was more ample, or by pure (“syn- 
thetic”) quinidine or dihydroquinidine made therefrom. This problem was 
presented to, and aetively taken up by, the Subcommittee on Cardiovascular 
Diseases of the National Research Council in the early months of 1945, and clin- 

* Reported in miijor part at the meeting of the Subcommittee on Cardiovascular Diseases 
of tlie National Research Council in Washington onNovember 2S, 1945. We wish to thank 
Dr. E. F. Cook of the U. S. Pharmacopoeia, Mr. J. B. Burt of the American Pharmaceutical 
Association, Mr. F. J. Stock and Mr. H. N. Heine of the War Production Board, the Eli 
Lilly Company, and Drs. A. R. Barnes, A. C-DeGraff, I. Mack, H. Foil, W. D. Stroud, R. 
W4grin, and W. M. Yatcr for their aid and advice in this study. 

From the Cardiac Laboratories of the Michael Reese Hospital, Chicago; Presbyterian 
Hospital, New York City; City Ho.spital, Cleveland; Massachusetts General Hospital, 
Boston; and the Department of Pharmacology, Cornell University Medical College, New 
York. 
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ical tests were carried out under its auspices during the spring, summer, and fall 
months. The present report constitutes a summary of the results. 

Quinine sulphate. Quinine sulphate was administered to 34 cases of cardiac 
arrhythmia, mostly auricular fibrillation, to test its efficacy as compared with 
quinidine sulphate in the prevention and control of the arrhythmia and in re- 
ducing the auricular rate. The quinine was apparently effective in only a small 
minority of the cases (including 4 of 20 patients with auricular fibrillation, 1 of 
4 patients with auricular paroxysmal tachycardia, 1 of 4 patients with ventricular 
paroxysmal tachycardia, and 3 of 6 patients with frequent ventricular premature 
beats) and was clearly inferior to quinidine. 

Pube (sinthetic) quinidine sulphate dihtdrate and synthetic dihtdko- 
quinidine sulphate dihydrate. Much more important than the question of 
quinine has been that of the clinical efficacy of the piue quinidine sulphate and 
the “impurity” of the dihydroquinidine found to make up 24 per cent of the 
commercial quinidine in ordinary routine use. A study reported by Lewis and 
associates (1) twenty-five years ago had already indicated favorable action by 
both these pure preparations. Recent reports by Scott, Anderson, and Chen (2) 
and by Woodard, Hagan, and Montgomery (3) concerning the toxicity of these 
preparations in cats, mice, rats, and dogs showed more effect from the dihy'dro- 
quinidine than from the quinidine but not sufficient to preclude its clinical trial. 

The method of present cltnical study. This consisted of two parts, the 
second of which was by far the more important. As in the tests with quinine, 
one series of nine patients with frequent paroxysms of auricular fibrillation, 
auricular flutter, or ventricular tachycardia or with frequent premature systoles 
of ventricular origin (Group A) was given in succession rations of commercial 
quinidine (0.2 to 0.4 gram), synthetic quinidine (0.2 to 0.4 gram), dihydro- 
quinidine (one half the dose, i.e., 0.1 to 0.2 gram) three or four times a day for 
a few days at a time, with several days’ interval between the courses, in order 
to test the relative inhibiting effects of these drugs. Both synthetic quinidine 
and dihydroquinidine proved to be as effective as commercial quinidine in the 
prophylactic control of cardiac arrhythmias. 

A second series of 28 patients with persistent auricular flutter, coarse auricular 
fibrillation, or ventricular paroxysmal tachycardia (Group B) was given sequen-: 
tially courses of commercial quinidine, synthetic quinidine, and dihydroquinidine 
in order to test their effect on the auricular rate (and incidentally on the ventric- 
ular rate m auricular fibrillation and flutter) as Lewis and his associates (1) had 
done. After a control electrocardiogram had been taken, 0.4 gram (6 grains) 
of synthetic quinidine sulphate was given every two hours for four doses, a 
follow-up electrocardiogram being taken two hours after each dose just prior to 
the adminisfaation of the next dose (see figure 1). In this way it was possible to 
plot the auricular rate on a chart, the ordinates of which showed the percentage 
of slowing of the auricular rate and the drug dosage in grams. The time factor 
was a constant, as mentioned above. Some of these charts and also composite 
curves are reproduced in this paper (see figures 2-4). 




Before Quinidine 


After Quinidine 


Fio 1. The Effect of Commebcial Qotnidike, Senthetic Qoividike, DinYnno- 
QUINIDIKE AND QuiNINE ON THE AumcuiAIt RATE OF A GroCP B PatIENT 

1st row. Effect of Commercial Quinidine Sulphate on the Auricular Rate. Sinclc Dose: 
n T""' “VI’®'’*''’' Bate Before DrUR: 510; Auricular Rate 2 hra. after Drue: ^5 
no o ■ mn ^ Synthetic Quinidine Sulphate on the Auricular Rate. Total Dose" 
0.8 Gram. (0.2 Gram eveo' two hrs.) Auricular Rate before Drue: 450; Auricular Rate 
i hr. after Completion of Course: 330 n . i 

3rd row- Effect of iriliydroquinidino on the Auricular Rate. Sinclc Dose: 0.4 Gram 
Auncumr Halo before Druj;: 510; Auricular Rate 2 hrs. after Drug: 3-15 

of Quinine Sulpbato on the Auricular Hate. Total Dose: 0.8 Gram. 
(0.2 Gram every 2 hra.) Auricular Itatc before DruR: ISO Auricular Rate; j hr. after Comnie- 
lion oi course: 510 * 


J93 
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The same procedure was carried out after an interval of one day \nth dihydro- 
quinidine, but at onlj'- one half the dosage as a rule (0.2 gram, 3 grains), and, 
finall5’’, commercial quinidine sulphate was administered after another interval of 
one day in the same dosage as that of the synthetic quinidine (0.4 gram, 6 grains). 

In order better to record the auricular waves a special exploring electrode was 
as a rule used over the region of the upper part of the right auricle just to the 
right of the sternum, usually in the CRj position. Electrocardiograms that 
failed to show the auricular waves clearly were discarded. Aleasurements were 



Fig. 2. The .Actio.v of Commerci.\l Quinidine, Synthetic Qui.nidine andJDihydro- 

QUI.NIDINE O.V THE AVRICUHH AND V'E.VTRICUEAK RaTES OF A PATIENT 
WITH Auricuear Fibrillation 

repeated by the same obsen'er and independently recorded by another observer, 
average rates being then determined. Tqble 1 shows an example of these meas- 
urements in one case. 

Table 2 summarizes the data in all 28 patients. Figure 1 shows characteristic 
electrocardiograms before and after the drug administration, and figures 2 to 4 
are curves constnicted from the charts of measurements illustrated in table 2. 

It is evident that both synthetic quinidine and dihj'droquinidinc (in contrast 
to quinine) have an effect on the auricular rate in patients with auricular fibrilla- 


SYNTHETIC QOIN'IDINE 
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tiou comparable to that produced by commeicial (U.S.P.) quinidine, the syn- 
thetic quinidine in tire same dosage as that of commercial quinidine and the dihj'- 
droquinidine in one half the dosage. 

An important finding revealed by these clinical tests is y ell demonstrated b.v 
the figures: the curves depicting the speed of slowing of the auricular rate rise 
quickly u ith the first tw o dosea and tlien flatten out. This show s that as the dose 
incicases beyond a ceitain lange the leaponsc becomes less sensitive The in- 
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frequency of tosic effects m the prcacnt clinic.al study suggC'ts that fairly large 
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tion is escreised 

I o\ie svniptoms wcie looked foi but weic too ineon-tant and mild to be of any 
Value III the conipai.itiv e to-ts 
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mitral stenosis. The same amount of commercial and S 3 mthetic quinidine «as 
administered in each instance in a single dose; this varied from 0.4 to 0.8 Gm. 
The 2 drugs were given on successive days when the dose was 0.4 Gm.; if it was 
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Fig. 4. The Effect op CoumericalQui^^iihnb a.vi> Synthetic Quinidine on the 
A uRiCL'EAn Rate in SE\En.\E Patients with Auricular Piuriltation 
The Effect of Synthetic Quinidine and DiiiYDRoaciNiDiNK on the 
Auricui^r Kate jn a Patient with Auricular Piihullation 

greater, 2 days were allowed to elapse between their administmtion to avoid 
possible cumulative action. When this precaution was taken, the rate of the 
circus in the control records was (juitc consbint for each patient. After a control 
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electrocaidiogram had been taken, the drag ■R'as pren at once. Electrocardio- 
gcams 'w'ere made thereafter at intervals of 1 or 2 hours, for 10 to 17 hours. The 
results are pictured in fig. 5. 

In cases 1, 3 and 4, the curves of the action of the 2 drugs are almost super- 
imposed. In cases 2 and 5, the TnavTinfll effect of commercial quinidine is sli^tly 
delayed; but after 3 to 5 hours, the carves are alike. This occasional di^t dis- 
crepanQT in the intenaty of action during the first few hours may reasonably be 
ascribed to variations in the rate of absorption from the digestive tract. 


TABLE 1 
Cat B. T>. 
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0.2 
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It appears, then, that the duration of action of commercial and synthetic 
quinidine is arrular. 


coxcnusioxs 

1. Synthetic quinidine sulphate and dihydroquinidine can be used in the 
dime as safe and effective substitutes for commercial (U5.P.) quinidine in the 
treatment of cardiac arrhythmias. 

2. Synthetic and commerdal quinidine diow a dmflar duration of action. 
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mitral stenosis. The same amount of commercial and sjmthetic quinidine was 
administered in each instance in a single dose; this varied from 0.4 to 0.8 Gm. 
The 2 drugs were given on successive days when the dose was 0.4 Gm.; if it was 
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greater, 2 days were allowed to elapse between their administration to avoid 
possible cumulative action. When this precaution was taken, the rate of the 
circus in the control records was (luite constant for each patient, .\ftcr a control 
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linieinhouRs 
Fio. 5 


Case 1. l^eumatie iicart disease, mitral stenosis and soricular fibrillation. Ihitiaily 
fully <U^tsUzed and coutinned on maintenance dosage. Patient received 0.6 Gram qulni- 
dlne sulfate, then 0.6 Gram quinidine sulfate dihydrate 2 days later. 

Case 2. Coronary heart desease and aurieuUar fibiillstion. lUtially fully di^talized 
and continued on maintenance dosage. Patient received 0.6 Gram quinidine sulfate, then 
0.6 Gram qmnidine sulfate dihydrate 2 days later 

Case 3. Coronary heart disease and auricular fibrillation not digitalised. Patient re- 
ceived 0.8 Gram quinidine sulfate, then 0.8 Gram quinidine sulfate dihydrate 2 years 
later. 

Case 4. Coronary heart disease and auricular fibrillation. InitM_ fully diptaliscd and 
continued on maintenance dosage. Patient received 0.4 Gram quinidine milfatc dihydrate, 
then 0.4 Gram quinidine sulfate next day. 

Case 5. Rheumatic heart disease, mitral stenosis and auricular fibrillation. Initially 
fully digitalired and continued on maintenance doeage. Patient received 0.4 Gram quim- 
dine sulfate dihydrate, then 0.4 Gram quinidine sulfate next day. 
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The chemical 1-amino-l-phthalidylpropane hydrochloride was first synthesized 
by Ullyot and his associates (1). Thej"^ obtained two racemates wliich they 
designated by the letters A and B. The acute toxicity of. these racemates as well 
as their actions in raising the pain threshold have been investigated in rats and 
cats by Fellows (2) and Fellows and Cunningham (3). In experimental animals, 
the circulator}', gastro-intestinal, cardiac, and respiratory actions of “phtha- 
lidyl”“ were found to be negligible (4). Because it elevated the tlireshold pain 
stimulus more than did aminopyrine and because it had a lower acute toxicity 
than had aminopjTine, Fellows recommended that 1-amino-l-phthalidj’lpro- 
pane hydrochloride be given a clinical trial as an analgesic agent. 

Due to the fact that no chronic to.xicit}' studies have been made and onl}' a 
limited number of experiments have been done on the pharmacology of these 
racemates, including a comparison of their actions with those of other analgetics, 
this investigation was undertaken. 

Methods, In the chronic toxicity studies fourteen normal female dogs weighing be- 
tween 5 and 16 kgm. were used. After the animals were de-wormed and immunized against 
distemper, thej' were studied from two to four weeks before the drugs were administered. 
One group of animals was given l-amino-I-phthalidylpropane hydrochloride (racemate B) 
either orally or intravenously daily (except Sundays) and another group was given racemate 
A in the same way (see table 1). 

Phenolsulphonphthalein and bromsulphalein excretions, hemoglobin estimations, hema ■ 
tocrit determinations, erythrocyte and leukocyte counts were made one or more time.s 
before the drug was given and thereafter every 10 to 14 days throughout the e.xperiment. 
Differential leukocyte counts as well as occasional reticulocyte counts were made at the 
same time. At the end of the e.xperiment the animals were sacrificed and gross as well as 
microscopic examinations of most organs were made. 

Si.xteen cats and sixteen dogs were used in the pharmacological studies of the acute effects 
of these drugs. Four of the cats were given continuous ether anesthesia by inhalation, three 
were given urethane by stomach tube, nine were decerebrated while under ether anesthesia 
after which the anesthetic was discontinued and one was given procaine hydrochloride as a 
local anesthetic. Five of the dogs were anesthetized with ether by inhalation and eleven 

’ This research was made possible through a grant from Smith, Kline and French Labora- 
tories. 

* Phthalidyl is the name coined by Dr. Fellows for l-amino-l-phthalidylpropane hydro- 
chloride. 
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■with sodium pentobarbital intravenously. Except, in the one instance in which local anes- 
thesia was used, tracheal cannulae were inserted into the tracheas of all of the animals for 
the following reasons: because of the convenience in continuing the inhalation anesthesia; 
furthering free respiration and in carrying out artificial respiration when it was needed. 
The blood pressure was recorded with a mercury manometer attached by means of heavj' 
rubber tubing to a cannula placed in the left carotid arterj'. In the one experiment in which 
procaine •was employed the femoral artery was used. Sodium citrate was employed in the 
system as the anticoagulant. In cats the respirations were recorded by fastening a ligature 
to the diaphragm, the ligature passing under a pulley to a muscle lever. In dogs a pneumo- 
graph placed about the chest wall was connected by means of rubber tubing, to a large 
recording tambour. Records of the splenic volume were also taken in most experiments on 
the dogs by means of a spleen oncometer coimected to a modified Brodie bellows. A chrono- 
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graphic marking key, indicating intervals of either 6 or 10 seconds was placed at the zero 
blood pressure level. The drugs were injected into the femoral vein. 

Since Fellows (4) found aminopyrine more toxic than 1-amino-I-phthalidylpropane hy- 
drochloride and because of its solubility, we also selected this analgetic for studies compar- 
ing its pharmacological actions with those of the two racemates. 

Results.. Chronic To.xicity. ICone of the dogs given 1-amino-l-phthaIidyl- 
propane orally showed any acute toxic effects All of the animals in which the 
administrations were made intravenously, houever, responded by excessive 
salivation with some frothing, maiked dilation of the pupils, slowed respiration, 
noticeable muscular tremors, and muscular rigidity. Upon repeated injections 
all these effects became less noticeable. (In one case mild commlsions occurred 
from laccmatc B ) 
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By means of a stop-watch the time interval between the beginning of the in- 
jection of the drug and excess salivary secretion was determined 10 times in each 
of three dogs, these averaging 8.7, 9.7, and 12.2 seconds. We believe the in- 
creased secretion of saliva is due to the bitterness of the drug and its onset is an 
indication that the drug is being excreted by the salivary glands. 

Usually when animals 7A and 8A were ^ven intravenous injections they 
defecated and animal 8 A always urinated as well. 

As far as we were able to determine, neither oral nor intravenous administra- 
tions either of racemate A or of B of l-amino-l-phthalidylpropane hydrochloride 
taken over a period of months produce harmful effects. ' The animals showed no 
loss in weight, or appetite and they remained alert and exceedingly active 
(table 1). 

Throughout the series of experiments the phenolsulphonphthalein and brom- 
sulphalein excretions, the blood hemoglobin and the hematocrit readings re- 
mained within the normal range. In all instances the number of erythrocytes, 
reticulocytes, and leukocytes per cu. mm. of blood remained within the limits 
of variation found by Deinard and her associates, (5) in normal dogs. 

No mention is made by Deinard and her associates (5) as to whether or not 
nucleated red blood cells were found in the blood smears of their normal animals. 
In the smears made from our fourteen animals, seven showed the presence of 
nucleated red blood cells during the preliminary weeks of study and eleven after 
the chemical had been given for some time (see figure 1 ). In a few of the animals 
these nucleated cells appeared to become more numerous after the drug had been 
administered yet this was not a constant result. In the eleven animals shomng 
nucleated red blood cells, the number of nucleated red blood cells varied on 
these examinations from one cell per smear to 190 cells per 1000 white blood 
cells (see table 1). In as much as these cells were normally present in the blood 
stream of some of these animals before they were given the drug we are inclined 
to believe that the chemical was not responsible for any increases occurring after 
administration of the drug had begun. Autopsy and microscopic examinations 
of the lungs, heart, spleen, urinary bladder, liver, pancreas, stomach, intestine, 
thyroid glands, kidneys and adrenal glands revealed nothing abnormal which 
could be attributed directly to the chemical. 

Respiration. Both racemates A and B of 1-amino-l-phthaIidylpropane 
hydrochloride depress respiration in normal as well as in anesthetized experi- 
mental animals but this depressant action is much more noticeal le in animals 
under ether, urethane or pentobarbital anesthesia than in either unanesthetized 
or decerebrated ones. In cats under ether or urethane anesthesia and in dogs 
under ether or pentobarbital anesthesia the first injection of 50 mgm./kgm. of 
racemate B or of racemate A usuall 3 ' caused some slowing of respiration and a 
second or third injection usually caused complete stoppage of respiration in 
expiration (figures 2 and 3). Some of our decerebrated cats tolerated as many 
as six injections of 25 mgm./kgm. and two of 50 mgm./kgm. of the drug without 
its producing marked slowing. The record in figure 2, is presented as being 
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typical of the majority of the experiments. In this figure the first injection of 
racemate A caused a cessation of respiration in expiration which lasted for about 
10 seconds. Upon resumption the respiration continued to be slow. In a few 
instances a sh'ght reflex acceleration of respiration occurred during the fall in 
hlood pressure after which the respirations were less frequent than in the control. 

Aminopyrine, unlike 1-amino-l-phthalidylpropane hydrochloride, when in- 
jected intravenously in doses of 50 mgm./kgm., caused a decided increase in the 
rate of respiration whether the animal was anesthetized or decerebrated. As an 
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Fig. 1. A PnorOMicnocnAPB of hie Beood op Dog SA. Magnification 900 X 
1. Normal red blood ccU. 2. Nucleated red blood cell. 3. lArge lymphocyte. 


example, in one decerebrated cat the respirations were decreased from 57 to 27 
with 50 mgm.Ag™- of racemate A but a similar dose of aminopyrine increased 
the respirations to 141 per minute. In figure 2, at 2, 50 mgm./kgm. of amino- 
pyrinc was injected intravenously after the respirations had been slowed by race- 
mate A as seen at 1 in this figure, and as a result the respirations increased from 9 
to 48 respirations per minute continuing at this rate until another injection of 
racemate A was made. 

AnTEMAn nixKm ruEssunE. Both racemate A and B of 1-amino-l-phthalidyl- 
propanc hydrocliloride temporarily lower the arterial blood pressure in experi- 
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mental animals (see figures 2 and 3). In the sixteen cats, thirtj^-two injections 
of racemate A. and twenty-six injections of racemate B were made resulting in 
average percentage decreases in blood pressure for doses of JO, 25, 50 and 100 





Fig. 2, Cat, Uretiian'b Anesthesia 

The top curves in each record arc the respirations, the middle curves, the blood pressures 
with a mercury manometer, and the bottom lines zero blood pressure and the time intervals 
of 10 seconds. In the respiratory records the upstroke indicates inspiration. In the upper 
record at l,50mgm./kKm. of racemate A were injected intravenously and in the lower record 
at 2, 50 mgm./kgm. of aminopyrinc were injected intravenously. 

mgm./kgm., for B of 18, 31, 35, and 50 respectively, and for A, 27, 4-1, 57 and 00 
respectivel 3 -. Twentj'-eiglit injections of racemate A and eleven injections of 
racemate B were made in tweh'o dogs. The average percentile falls in blood 
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pressure following the injections of 25, 50, and 100 mgm./kgm. of racemate A 
were 32, 43 and G2 respectively and with racemate B in doses of 50 and 100 
mgm./kgm., they were 33 and 56 respectively. 

Usually the fall in blood pressure was brief and within a few minutes it was 
either back to the control Icn’el or above it. In the experiments on dogs with the 
use of racemate A, 27 of the 28 injections produced a sudden fall in blood pressure 
followed by a prolonged rise. With the use of 25 mgm./kgm., this rise averaged 



^ ^ f 

Fig 3 Dog, 21 Kgm. Ether Anesthesia 

. Top record is that of respiration in nliich the down stroke is inspiration. Middle record 
IS that of blood pressure i\ith a mercurj’ manometer, and the bottom line is that of zero 
blood pressure and the time in inter\’als of 6 seconds. At A, 50 mgm./kgm. of racemate A 
"ere injected intravenously. Electrocardiograms were taken at E. 

20 per cent but when 50 mgm./kgm. were injected the average rise was 44 per 
cent (see figure 3). The rise in blood pressure in figure 3 may have been partly 
due to anoxia, however, this cannot be the only cause since the larger rises in 
blood pressures were most frcquentlj- seen in the animals under continuous arti- 
ficial re.spiration. In most instances during this rise in blood pressure there were 
acceleration of the heart and a decrease in the volume of the spleen. 

The average decreases in blood pressure following the intravenous administra- 


208 


C. »1. GRUBEH, A. M. LUPTON AND T. If. SCOTTI 


tion of 25 , and 50 mgm./kgm. of aminopyrine were 20 and 27 per cent respec- 
tively. In dogs 50 mgm./kgm. of aminopyrine caused an average prolonged de- 
crease in blood pressure of 24 per cent. Generally speaking the arterial blood 
pressure after aminopyrine gradually returned to the normal control level but 
rarely did it exceed it. 

Racemate A was found to be approximately rivice as active upon the respira- 
tory and cardiovascular systems as was racemate B, as can be seen in the per- 
centile falls in blood pressure with similar dosages. In figure 4, a decerebrated 
cat was used and at 1, 10 mgm./kgm., of racemate B, was injected, and, at 2, 
a similar amount of racemate A was administered. In 1 the arterial blood 
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Fla. 4. Cat 3.6 Kgm. Decerebrated Under Ether Anesthesia 

The top curve is that of the blood pressure taken with a mercury manometer. The 
bottom line indicates zero blood pressure and the time in intervals of 10 seconds. At 1, 10 
mgm./kgm. of racemate B were injected intravenously and at 2, 10 mgm./kgm. of racemate 
A were similarly injected. 

pressure decreased only 24 per cent where as in 2 the decrease amounted to 33 
per cent. 

Five e.xperiments were performed in wliich changes in ventricular activity 
were recorded by means of a Cuslmy myocardiograph. During the entire e-xperi- 
ment the dogs were kept under pentobarbital anesthesia and artificial respi- 
ration. In these animals 2 injections of racemate B, 11 injections of racemate A 
and 7 injections of aminopyrine were made, the dosage in each case being 50 
mgm./kgm. The intravenous injection of either racemate A or B of 1-amino-l- 
phthalidylpropane hydrochloride caused a prompt fall in blood pressure with a 
simultaneous sloiring in cardiac rate and decreases in both the general tonus 
and the force of the contractions of the ventricles. As the blood pressure in- 
creased above the control level, following the f.all, the force of the contractions of 
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the heart also increased. This increase in heart action may have been due to the 
change in blood pressure. These changes can best be seen in figure 5. At 1, 
50 mgm./kgm. of racemate A were injected intravenously in a 10 kgm. dog. 
The blood pressure fell abruptly from 126 to 44 mm. Hg and then increased to 
219 nun. Hg as seen in 2. As the blood pressure decreased the heart rate de- 
creased from 36 to 19 contractions per 30 seconds. In 11 decerebrated and ure- 
thanized cats racemate A was injected 28 times and B 8 times. Eacemate B in 
doses of 25, 50 and 100 mgm./kgm. caused an average decrease in the heart rate 
of 8, 15 and 40 percent respectively. Racemate A injected in 25 and 50 mgm./ 
kgm. doses caused an average decrease in heart rate of 24 and 35 per cent re- 
spectively. 
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Pio. S. Doa 10 Kou. Pentobarbital Sodiom Anestresia and Artificial Respiration 

Top line is record of the ventricle taken with a Cushny myocardiograph, middle curve 
that of blood pressure taken with a mercury manometer and the bottom line is the time in 
intervals of 10 seconds and zero blood pressure. At 1. 50 mgm./kgm. of racemate A were 
injected iutravenously. Curve 2 was taken 30 seconds after the end of 1 and 3, 90 seconds 
after 2. 


Aminopyrine was injected in doses of 50 mgm./kgm. 11 times in eleven cats. 
In these the average increase in heart rate was 21 per cent. In the five dogs in 
tvhich the heart was studied with the use of a Gushny myocardiograph 7 injections 
of 50 mgm./kgm. of aminopyrine were made causing acceleration of the heart in 
each instance and an increase in the cardiac tone. Electrocardiographic studies 
done on dogs, using lead II, revealed nothing unusual. The changes in heart 
rate as given above were noted. No demonstrable change in the P-R interval in 
the electrocardiogram was seen. The T-waves appeared definitely higher than 
normal during the period of c-vccssive slowing of the heart. 

The exact point of action of 1-amino-l-phthalidylpropane hydrochloride in pro- 
ducing the fall in blood pressure was not determined. The volume cliangcs of 
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the spleen following the intravenous injections of the drug gave very little infor- 
mation, because of their variability. In some instances the spleen decreased 
during the fall in blood pressure (probably a passive effect) in others' the spleen 
increased in volume. During the increase in blood pressure after the temporary 
fall the .spleen always decreased in size thus taking part in the general vasocon- 
striction. The fall in blood pressure may be due partly to the action of the drug 
on the heart muscle since some slowing of the heart was usually seen. This 
slowing is not a vagal effect since neither cutting the vagus nerves nor the admin- 
istration of atropine in doses adequate to paralj'ze the vagus nerves had any 
influence on this response. Following the injection of aminopyrine the spleen 
usually increased in volume during the fall in blood pressure and gradually re- 
turned to its control size with the return of blood pressure to the control level. 

SUMMARY AND CONCLUSIONS 

(1) Neither racemate A nor racemate B of 1-amino-l-phthalidylpropane h 3 'dro- 
chloride, when administered daily for several months, produces changes in the 
tissues of otherwise normal dogs. 

(2) Nucleated red blood cells are probablj' found normally in manj^ dogs’ 
blood. The ratio of these cells may be as high as 1 to SO W.B.C. and in one of 
our treated dogs it rose to 1.9 to 10 W.B.C. 

(3) Small doses of the above racemates slow respiration in normal, decere- 
brated and anesthetized animals and large doses cause death bj’ respiratory 
paralj'sis. Comparative doses of aminopyrine, similarly administered, accel- 
erate respiration. 

(4) All doses of racemates A and B of l-amino-l-phthalidjdpropane h.vdro- 
chloride decrease arterial blood pressure. A subsequent increase in arterial blood 
pressure usually occurs. Aminopyrine given in comparative doses lowers the 
blood pressure but to a lesser degree and subsequent increases in blood pressure 
above that of the control are rarely seen. 

(5) Racemates A and B slow the heart by an action which is not abolished bj' 
either atropine or vagotomj'. The T-wave in the electrocardiogram maj" be 
increased in height. 

(G) The changes produced in the spleen by these drugs are variable and in- 
conclusive. The splenic volume increased during the fall in blood pre.ssure 
following intravenous injection of aminopj'rine. 
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In view of the increasing clinical use of pure digitalis gl3'cosides and the claims 
made for the various substances now available it becomes desirable to clarifj^ 
as far as possible important differences in individual gljmosides. To date there 
is little agreement in reported studies, owing to differences in methods used and 
criteria for comparison. Visscher and LaDue ( 1 ) pointed out that when the 
basis for comparison was the single intravenous dose required for “full digitali- 
sation” in auricular fibrillation there was a remarkabh' small difference in the 
molar quantity of ouabain, digitovin, digoxin and ianatoside C required to pro- 
duce comparable effects. They added that it w as b3^ no means certain that such 
a comparison would hold for other ciitena. Because of the dual mechanism 
of digitalis action on the heart itself, vagal and direct muscle actions, and sub- 
sequent changes in the circulation, evaluation of these dings in the intact animal 
becomes difficult. 

Cattell and Gold (2) studied the effect of various gl3'cosides on the isolated 
papillary' muscle of the cat, using as a ciiteiron of therapeutic effect increased 
s3'stolic tension, and of to.\icit3', subsequent decline which occuiied with stronger 
concentrations. Ouabain and digito\in weie found to be of equal potenc3', while 
the activity of the Ianatoside compounds was about one tenth as great. How- 
ever, iecentl3' BTiite and Salter ( 3 ) using the same technique reported ouabain 
to have appro.ximately twice the potenc3' of digitovin. DeGraff and his colla- 
borators ( 4 ) have consideied the embi3’omc chick heait a suitable test pre- 
paiation for cardiac glycoside&and har e inadee\tensive comparative observations. 
Theappearance of ati loventnculai blockw as the criterion used B3' their method 
they found the concentiation latios for digito.xin, digoxin and Ianatoside C to be 
1 . - 3 : 4 . 5 . 

The most constant action of digitalis m the intact animal 01 on heait muscle 
strips is to shorten the inteival between depolarization and i epolarization of the 
muscle membrane w ith each contraction, and this is er idenced b3' shoi tening of 
the refractor3' period 01 of the Q-T inteival of the electi ogram ( 5 ). Such action 
by ouabain has been studied in man b3' Apter, Ashman and Hull (6), who found 
reduction in the gradient magm'tude of repolarization ranging from 22 to 48 per 
cent and this was not alwa3’s indicated by T wave changes A stud3' of this 
phase of digitalis action on strips of turtle ventricle has been reported from this 
laboratory ( 5 ). Using the same technique compaiatn e observations liave been 
made with ouabain, digitovin, digovin and Ianatoside C.* It is stressed that in 

‘ DiEitoMn was coatnbuted bj the Varick Pharmacal Company and by Wyeth, Inc., and 
ianatoside C (Cedilanid) by the Sandoz Chemical Worts, Inc. 
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these experiments the Q-T interval was recorded from a localized region, the 
electrode on the muscle being paired with an indifferent electrode placed at a 
distance of at least 2 cm., and fibre conduction time is not a part of the interval. 
The degree of shortening found was subject to considerable variation, but the 
underlying factors have not been ascertained. Intensity of action could not be 
related to the time the strip had been out of the animal. Nor was there a con- 
stant relation of effect to the initial Q-T interval. While long initial intervals 
are theoretically capable of the greatest shortening actually the greatest per- 
centage reduction observed occurred in strips whose initial intervals were ex- 
ceptionally short. This variability of response appeared much the same for 
each of the glycosides studied. 



Fig. 1. Shortening of Q-T interval as per cent of initial length plotted against the time 
after administration of digqxin 0.33 parts per million. The different symbols represent _S 
separate experiments. As is typical for all the drugs studied the shortening is approxi- 
mately proportional to the time for an hour or more. The slope of the line drawn is intended 
to measure the average rate which is 15% per hour in this case. 

The effect of each drug was observed in a series of concentrations ranging 
from 0.2 to 2.5 parts per milh’on. Usually 4 or 5 strips were tested with each 
concentration. The strip was rhythmically stimulated for an hour before the 
drug was added and then observed from 2 to 3 hours. Results are e.xpressed as 
shortening of Q-T in percent of initial length for the various times. The results 
for a single series in which digoxin 0.33 parts per million was used is illustrated 
in figure 1. This a fairly representative group, although in some a single experi- 
ment might show greater deviation from the average than is seen in this one. 
The average shortening per hour for each series was then estimated and these 
averages plotted against concentration in parts per million, figure 2. With 
strong concentrations comple.xes often, but not constantly, ceased to be measure- 
able within an hour, thus terminating the experiment. The line drawn in figure 
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2 indicates that the rate of shortening is approximately lipear with drug con- 
centration but not proportional to it since the line does not pass through the 
ori^. The probable reason for this is that the shortening includes two com- 
ponents, one spontaneous, and one due to drug action. While the period of 
greatest spontaneous shortening is the first hour of rhythmic stimulation, control 
e.xperiments have shown that without the drug such shorteniiig usually continues; 
in three experiments in this series there was an average spontaneous shortening 
of 8 per cent during the second hour. If such spontaneous sliortening still occurs 
while the drug is acting each datum of figure 2 will include about 8 per cent of 
spontaneous shortening as w’ell as that due to the drug. In other words, the line 
will be 8 per cent too high throughout and will have an intercept of approximately 

• OUABAIN 
O DIGOXIN 

• DIGITOXIN 
O CEDILANID 



Fia. 2, The rate of shortening in per cent per hour as obtained from the slopes of lines 
lilm those in figure 1, plotted again^ the drug concentration in parts per million. The 
different symbols represent the 4 drugs studied as shown in the top right of the figure. It is 
thou^t that the drug action is proportional to its concentration and that the intercept on 
the asia of ordinates represents independent spontaneous shortening- 

that value on the axis of ordinates. The intercept of 6 per cent shown in the 
figure represents satisfactoiy agreement with the control experiments and makes 
it reasonable to conclude that the shortening due to the drug is proportional to 
concentration. It may also be inferred from these results that the shortening 
produced by the drug is through a mechanism different from that of the spon- 
taneous shortening, which may be due to some form of fatigue. Lanatoside C 
appears somewhat less regular in its action than the other glycosides, but it could 
probably have been brought more closely into line by a larger number of tests. 
However, viewing the study as a whole there seemed to be PO essential difference 
in the ability of these glycosides to influence that phase of cardiac muscle activity 
which is expressed by the Q-T inten-al. 
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Studies on the influence of these glycosides on contractility that were carried on 
simultaneously will be considered later. It may be said here that no such uni- 
formity of action, as has been described for the effect on the muscle recovery 
process, was seen. Ouabain was found to be the most potent, its activity being 
at least 2.5 times that of di^toxin, giving results in agreement with those of 
White and Salter rather than those of Cattell and Gold. 

SUMMARY 

The most constant action of digitalis glycosides is to shorten the local Q-T 
inten’al. A comparison of digitoxin, ouabain, digoxin and lanatoside C using 
as a criterion their ability to shorten the Q-T interval of the electrogram indicated 
that these glycosides were qualitatively and quantitatively similar, and that the 
magnitude of the effect was proportional to the concentration of the drug. 
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The development of a sympatholytic agent having a prolonged action and 
devoid of undesirable side effects would be of considerable value in the study of 
various states in which the sympathetic nert'ous sj'stem is implicated. A num- 
ber of compounds have been previously suggested but these have a short duration 
of effective action. We previously used the dio.vane derivative, F933, which was 
knorni to be a sympathol 3 dle agent, in the study of e.vperimental hypertension 
(1). This drug was found to cause a fall in blood pressure in normotensive and 
hypertensive dogsiand to inhibit the pressor action of administered epinephrine. 
However, its action was fleeting and it was apparently disturbing to the animal. 

Recent investigations have disclosed a number of e.vtremelj' active pharmaco- 
djmamic agents. One of these N,N-dibenzyl-beta-chloroethylamine (diben- 
amine)hasbeen reported to have a prolonged sympatholytic action \rith relatively 
low toxicity and with few alarming side actions. Nickerson and Goodman (2) 
have reported that dibenamine inhibits the e.xcitatory sympathetic or epine- 
phrine induced reactions. The inhibitory responses are not affected by this 
drug. They further found that dibenamine prevented cardiac iri-egularities in- 
duced by epinephrine-cyxlopropane in dogs (2, 5). A single dose of dibenamine 
was reported to be capable of suppressing the excitatory^ effects of epinephrine 
for as long as 4 days. These favorable properties suggested that dibenamine 
might be useful in the study of experimental hypertension. We undertook to 
investigate its effects on the blood pressure in dogs with experimental hyperten- 
sion of renal origin and in normotensive dogs. The effects of dibenamine on the 
blood pressure and on the cardiac response to epinephrine were also observed. 

Methods. Four dogs with chronic renal hypertension of at least 4 years’ duration, two 
with recent hypertension of less than 4 months’ duration and three normotensive animals 
were used in this study. Blood pressures in these unanesthetized animals were recorded 
with the Hamilton manometer (3) . Electrocardiograms (lead 2) were recorded withastring 
galvanometer. Dibenamine hydrochloride', 20-40 mgm. per kilo was given slowly intra- 
venously. In studies on the effects of single doses of the drug, epinephrine hydrochloride, 
1 mgm,, was given intravenously each day for 4 or 5 days. Observations were made on a) 
the immediate and delayed effect of dibenamine on the blood pressure level of the animal, 
b) the action of dibenamine on the blood pressure response to epinephrine and c) on the 
epinephrine-induced ventricular tachycardia. 


* The dibenamine used in these experiments was generously supplied by Dr. L. S. Good- 
man of the University of Utah and by Givaudan-Delawanna, Inc., New York City. In the 
early experiments the drug was dissolved in prop 3 -lene glycol and in later ones in alcohol. 
The effects with both solvents were similar. 
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Results. Effect of a single dose of dibenamine on blood pressure and heart rate. 
We observed no significant difference in the response of hypertensive and nor- 
motensive dogs to the administration of dibenamine. Injection of dibenamine in 
4 animals resulted in a marked and sustained drop in blood pressure lasting for a 
number of hours and accompanied by varying degrees of tachycardia (fig. 3 and 
table 1) ; in one of this group only a fleeting blood pressure fall was seen when 20 
mgm. of dibenamine was used instead of 30 mgm. In 2 animals no reduction in 
blood pressure was seen (fig. 2) and in 1 the reduction was slight and fleeting (c.f. 

TABLE 1 


Response of ptise rale and blood pressure to a single dose of Dibenamine 


DOG 
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or 
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40 
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30 
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120 

75 
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45 
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135 min. 
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X-56 

20 
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100 
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140 

89 min. 

101 min.§ 

Z-18 

20 

4 


145 
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140 

144 

140 

76 

196 

550 min. 

71 min.S 


30 

77 


158 

200 

95 

30 

340 

10 min. 

28hrs.} 

Z-20 

40 

36 


115 


120 

70 


112B 

160 


DO fall 

Z-23 

20 

2 

145 

80 

150 

95 

60 

75 


144 

84 min. 

26hra.|| 

Z.31D 

20 

4 


105 


m 

85 

165 



400 min. 

no fall 


S = systolic. 

D = diastolic. 

• = from end of injection. 

f = based on diastolic pressure. 

t = wide fluctuations of blood pressure present. 

§ = only a transitory fall in pressure. 

H = profound fall in pressure. 

A = single reading below 100 mm. Hg was observed (110/55). This lasted 1 minute. 
B single reading of 170/95 lasting 1 minute was noted. 

C = single reading of 145/75 lasting I minute was noted. 

D = partially trained animal. 

fig, 1). In addition it was obvious that in some of the animals dibenamine led 
to an unstable blood pressure with a tendency to wide fluctuations (fig. 4). In 
one animal in which the greatest depressor effect on blood pressure was seen, we 
were concerned for several hours that the animal might develop irreversible shock 
as a result of the prolonged pressure drop. All but one of the animals exhibited 
general lassitude, inactivity, and definite muscular weakness, which was most 
pronounced in the hind legs. These signs persisted for one or two days. In 
several animals in which the injection was made relatively rapidly a period of 
excitement and irritability immediately preceded the depressor effect. In one. 
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dome couvulsions, vomiting, urinary anAfecal incontinence, as well as stertorous 
respiration developed. However, in another in which a larger dose (40 mgm. per 



Fig. 1. Segments of a blood ijressure record obtained in an unanestbetized trained dog 
with hypertension of recent origin following the intravenous administration of dibenamine 
W mgm./kg. Time below is in seconds, zero time being the end of the injection. _ Arrows 
in segment A indicate the beginning and end of injection. Calibrations of the arterial pres- 
sure curve, in nun.Hg. are given in segments A, C, and E. _ 

Segment A shows the blood pressure record before, during and immediately after the 
dibenamine injection. At the time of onset of the injection the blood pressure record is 
distorted apparently because of partial occlusion of the needle against the wall of the artery. 
During the injection a slight rise in pressure is seen followed by a fall, the latter associated 
with a tachycardia. The blood pressure curve begins to recover during the injection and 
remains stabilized during the minute after injection recorded in this segment. 

Segment B is a portion of the continuous record taken 7 minutes after the end of injection. 
It shows further recovery of the diastolic, systolic, and pulse pressure and the heart rate. 

Segment C, taken from the continuous record 33 minutes after the end of injection, illus- 
trate the depressor effect following evidences of discomfort. The drop in pressure at the 
beginning of C and the more sustained one following the calibration were initiated by 
struggling. 

Segment D, taken 8 minutes alter C, shows the trend to recovery from the second pro- 
tracted depressor effect. 

^gment E, taken SI minutes after the end of injection, shows the return of blood pressure 
to its stabilized level. The interruption of the blood pressure curve in the middle of the 
segment is due to the inadvertent displacement of the manometer needle from the artery. 
The atlempts to reinsert the needle led to a depressor effect as revealed by the lower level 
of the blood pressure when the needle was reinserted. The return to the established level 
is shown towards the end of segment E. 

This figure therefore illustrates the depressor action of dibenamine and its tendency to 
reverse the blood pressure effects of minor trauma and emotional upsets which we ascribe 
to a reversal of the effects of endogenously produced epinephrine. Discussed further in 
the text 


kilo) was given more slowly, the side actions as well as the blood pressure effect 
were absent. 

Propylene glycol, (2 to 4 cc.) used as a solvent for dibenamine in the early ex- 
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Fig. 2. Grap • ^ ! ,•*. . ,« **t • i in blood pressure obtained m dog Z-20 following 

a single dose of M mi .'•••.*« i • *)ingm/Kg The horizontal block at the bottom 
inaicates the ti ‘ I’l,*' ' '« give the pulse rate in beats per minute and the 

biood pressure m rnillimeters of mercury. Time below in minutes and days. Zero time is 
he beginning of injection. Discussed further in text. 



Fig 3 Graph illu'^traling a marked fall in blood pressure obtained m Z-23 following a 
single do«:c of dibcnaminc intravenously 20 mgm /kg Conventions ns in fig 2 In this 
unimai it took 26 hours for (he diastolic pressure to return to its controMcvck As in fig I, 
an initial pressure rise occurred^ in this instance just after the injection period Discussed 
Iifuricr in text. 
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periments, had no such effects on the blood pressuie and lieai t late and was with- 
out the untow ard side actions in the six dogs tested. 

Effect of repeated dihcnaminc injections on the blood pressure. Dibenamine in 
the dosage of 20 mgni./kilo was given to four Goldblatt hypertensi\ e dogs at 3 
day intervals over a 3 w eek period. This treatment led to no sustained fall in 
blood pressure in any of the animals. Three of the animals show ed a reduction 
in blood piessuie only on the days the injections weie given. In the fourth ani- 
mal there w as no change in blood pressure even on the days of injection. The 
same side actions seen in earlier e.xperiments occuried with these maintainance 



Fig 4 Graph illustrating the lowering and marked instability of blood pressure obtained 
m Z-18 following a single dose of dibenamine intravenously 30 mgni /kg Conventions as 
in fig. 2 Discussed further in text 


doses of dibenamine. (In one animal thiombosis of the injected vein developed 
w ith venous insufficiency evidenced by marked pitting edema ) 

Effect of dibenamine on the blood pressure response to epinephrine. Epineph- 
rine was used in the dosage of 1 mgm. intiavenously In a of 7 animals diben- 
amine 1 educed the piessor response to epinephrine and in 3 of the 7 animals it 
increased the magnitude of the dcpicssor phase (table 2). These changes were 
most conspicuous the first dS hours but tended to persist in some animals to a 
lossoi extent ovci the next few day.s. Complete ehminatioii of the initial pressor 
phase with a classical exhibition of the dcpiessoi lesponsc was seen when epi- 
ne])hiine was gi\eii two hoiiis after the administration of diiienaitiine (figs. 5 
and 0). 
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Effect of (libenamine on epinephrine induced tachycardia. The data on the 
effects of dibenamine on epinephrine-induced ventricular tachycardia are sum- 
marized in table 3. The methods used in the experimental production of parox- 
ysmal ventricular tachycardia are considered in another communication con- 
cerning the tachjmardia-inhibiting action of atropine (4). It was found that 
dibenamine prevented or shortened the paroxysms of epinephrine-induced ven- 
tricular tachycardia. This protective effect lasted for several days. 

Discussion. Our results confirm the view that dibenamine has an adrenolytic 
action. This action appears in the unanesthetized animal. However, the dura- 

TABLE 2 


Effect of Dibenamine on the blood pressure responses to I mgm. Epinephrine 
intravenously as compared to control Epinephrine responses 


AHtUAt 

EFFECT OH PRESSOR PHASE 


Z-6 

0 

Increased 

Z-38 

0 

0 

X-56 1 

Reduced 

Increased 

Z-18* 

Reduced 

0 

Z-20 

Reduced 

0 

Z-23 

Reduced 

0 

Z-31 

Reduced 

Increased 


•Both 20 and 30 mgm/kilo were used in this animal with identical results. 



Fio. 5. Illustrates the blood pressure response to 1 mgm. epinephrine injected intrave- 
nously 2 hours after the administration of dibenamine intravenously 30 mgm./kg. Arrows 
indicate the onset and end of the epinephrine injection. Conventions as in fig. 1. The 
depressor response is obvious. Discussion in text. 

tion and the constancy of the blood pressure fall following single or repeated 
doses of dibenamine was variable in our animals. Sometimes the effect was 
absent and sometimes it was extremely marked, apparently independent of the 
dosage. It may have depended in some measure on the rate of injection. 
Occasionalli^ the action in the same animal was variable but there was a more 
striking variation between different animals, some e.xhlbiting greater sensitivity. 
IVhen a drop in blood pressure occurred, it lasted from 1 hour to 2 da}^, with a' 
progressive diminution of the effect towards the end of this period. Dibenamine 
had no greater effect on the Goldblatt h 3 T}ertensive dog thanjon the normotensive 
dog. It docs not appear to be an effective anti-hypertensive agent. Actually 
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the extreme variabUify of the blood pressure after the e^bition of dibenamine 
was disadvantageous as was the short duration of the depressor effect when it 
occurred. 


DtASrOUC PRESSURE 
MM. HO 




MNUTES 


Fio. 6. Graphs illustrating the responses of the diastolic pressure to 1 rngm. of epi- 
nephrine administered intravenously at various times before and after the intravenous ad- 
ministration of dibenamine 30 mgm./kg. The ordinates show millimeters of mercury for 
the blood pressure, sero representing in each instance the diastolic pressure before epi- 
nephrine administration. Abscissae in minutes. 

The variability in the blood pressure following dibenamine may ^ve an er- 
roneous idea of the blood pressure lowering action if readings are taken at in- 
frequent intervals. This is true particularly under the conditions of our experi- 
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ments since we have found on several occasions that excitement or the process of 
inserting the needle into the artery of these unanesthetized animals causes a fall 
instead of the expected rise in blood pressure (fig. 1). This may be due to the 
liberation of endogenous epinephrine, with inhibition of its usual pressor response 
and the consequent appearance of the usually occult depressor response. 

The sinus tachycardia which accompanied the temporary reductions of blood 
pressure was probably reflexogenic, presumably operating through the carotid 
sinus and root of the aorta end organs, in compensation for the depressor effects. 

We have confirmed that dibenamine decreases the pressor effect of epinephrine 
and augments its depressor action. In our experience in the dog the maximal 
inhibition of the pressor response to epinephrine can be elicited early (within 2 
hours) after giving dibenamine. Within 24 hours, with the weakening of the 
dibenamine action, the pressor action becomes apparent and within 3 to 4 days 

TABLE 3 


Effect of Dibenamine on Epinephrine-induced ventricular tachycardia 


DOG 

BLOOD PBESSGBE STATUS 

DOSAGE 1 
or DIBENA*| 
LOKE ^ 
USED 1 

DURATION or VEKTBICULAX TACHYCARDIA 

Before 
Dibena* ! 
mine | 

After Dibenasune 

Control 

1st day 







1 

i 

ste. 

ste. 

see. 


see. 


see. 

Z-6 

H. — 1 mo. duration 

20 1 

76 


19 

0 

2 



Z-3S 

H. — t mo. duration 

30 

(55 

\318 

0 

41 

24 

24 



X-S6 

H. — 4yrs. duration 

20 

0 


0 

0 

0 



Z-18 

H. — 1 yrs. duration 

20 

74 

0 



0 

0 


Z-20 

H. — 1 yrs. duration 

40 

121 

0 

0 

0 

0 


38 

Z-23 

N. 

20 


0 

0 

28 

48 

36 


Z-31 

N. 

20 


0 

0 

35 

74 

82 



H. = Hypertensive. 
N. = Normotensive. 


it assumes its normal magnitude. In general, no major qualitative differences 
are seen with either 50 gamma or 1 mgm. of epinephrine. 

Our results regarding the inhibitory action of dibenamine on ventricular 
tachycardia tt'ere consistent, and in accord with previous work (2, 5, 6). The 
drug prevented the occurrence of epinephrine-induced paro.xj'smal ventricular 
tachycardia for several days. It suggests the possibility of the prophylactic use 
of this drug in the clinic after the question of dosage in relation to toxicity has 
been determined. 

From the point of view of the pathogenesis of hypertension our results with 
dibenamine confirm our previous work to the effect that epinephrine has little to 
do with the hypertensive mechanism in nephrogenic hypertension. We pre- 
viously reported (1 ) that epinephrine had a similar pressor action in normotensive 
and hypertensive animals and that in both, the use of another sympatholytic 
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agent (the dioxane derivative, F933) prevented the pressor response to epineph- 
rine but did not affect the level of hypertension in the dog. Our results with 
dibenamine are in accord with this earlier work. It is of considerable interest 
that sympatholysis with these pharmacjilogical agents bears many resemblances 
to surgical sympathectomy. There is weakness, instability of the blood pressure 
and so on. Further, the failure of the blood pressure to fall is similar to that 
seen in many cases of hypertension in man. The parallelism in individual cases 
between the effectiveness of pharmacological and surgical sympatholj’^sis in man 
is worthy of further study. 


SUMMARY 

1. The intravenous administration of a single dose of the sympatholytic agent, 
N-,N-dibenzyl-beta-chloroethylamine' (Dibenamine), to both Goldblatt hyper- 
tensive and normotensive dogs induced in 5 of 7 animals a reduction in blood 
pressure of approximately one hour to 2 days duration sometimes with widely 
fluctuating pressure levels. Administration of the drug for a period of three 
weeks caused no maintained reduction in arterial pressure in hypertensive dogs. 

2. The inhibition of the pressor phase of epinephrine action, with the ap- 
pearance of its depressor action was demonstrated within two hours follo\ving 
the injection of dibenamine. This inhibitory action was mainly dissipated in 
24 hours. 

3. Dibenamine tended to inhibit the occurrence of epinephrine-induced ventric- 
ular tachycardia. 
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Since the report by Foumeau and Bovet (1) in 1933 that certain phenolic 
ethers have the property of counteracting at least some effects of histamine, many 
new antihistaminic drugs have been ssmthesized and tested. The first to receive 
extensive clinical trial was Antergan (N-phenyl-N'-benzyl-N,N-dimethyl- 
ethylenediamine) (2, 3, 4). Since then, intensive research has been conducted 
to develop more potent and safer antihistaminic drugs for clinical use. These 
investigations have led to the development of sueh compounds as Benadryl (fi- 
dimethylaminoethyl benzohydryl ether) (5), Pyribenzamine (N'-(2-pyridyI) 
N'-benzyl-N.N-dimethylethylenediamine) (6), Neoantergan (N-(p-methoxy- 
benzyl)-N'-(2-pyridyl)-N,N-dimethyIethylenediamine) (7, 8), and Hetramine 
(N'-ben2yl-N'-(2-pyriinidyl)-N,N-dimethylethylenediamiDe) (9). In addition, 
antihistaminic potency of a high order has been claimed for two new compounds, 
N-03-dimethylaminoethyl)'phenothiazine and N-OS-dimethylamino-a-methyl- 
ethyl)-phenothiazine (10, 11). These latter compounds, designated as #3015 
R.P. and #3277 R.P., respectively, were devdoped in the Rhone-Poulenc 
laboratories in France. They have not been subjected to extensive clinical 
trial. The literature on antihistaminic drugs has recently been reviewed in 
detail by Feinberg (12). 

In the present investigation, the six compounds’ mentioned above have been 
tested side by side imder the same experimental conditions, so that a direct 
comparison could be made of relative antihistaminic activity, and of relative 
to.xicity. 

Matehiai^i. The guinea pigs used were of a uniform Carworth strain, from 250 grama 
to 350 grams in weight in moat of the experiments, although in the histamine aerosol ertperi- 
ments many had grown to double their original weight before the conclusion of the study. 
The mice used for toxicity determinations were of the CFI strain, and approximately 20 
grams in weight. Toxicity data were evaluated according to the method of Miller and 
Tainter (13). The histamine used in this study was the dihydrochloride, and all doses 
given in this paper are in terms of that salt. 

The structural formulae of the antihistaminic compounds used are shown in the accom- 
anying diagram. 


* The compounds were obtained directly from the manufacturers, and the author grate- 
fully acknowledges generous supplies of material from the following: Bcimdryl, Parke, 
Davis and Co.; Pyribenzamine, Ciba Pharmaceutical Products, Inc.; Hetramine, Pyndium 
Corporation; Neoantergan, 3016 R.P., and 3277 R.P., SocietiS des Usines Chimiques Rhone- 
PotJenc, Paris. 
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Observations. Experiments vnlh intravenous histamine: The protectioa 
afforded by the compounds to guinea pigs receiving histamine intravenously was 
tested in two ways. In the first procedure, large doses (10 mgm. iier kgm.) oi 
the drug to be tested were injected subcutaneously, and about one-half hour 
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later, varying doses of histamine were admim'stered intravenously to determine 
the maximum dose of histamine which the animals would tolerate. Only three 
of the compounds, Iscoantergan, 3015 R.P., and 3277 R.P., were tested in this 
manner, and the results are given in table 1, It is clear that when adequately 
protected bj' an antihistaminic drug, an animal will tolerate enormous quantities 
of histamine, up to a thousand or more times the usual lethal dose. The number 



226 


CHARLES A. WINTER 


of animals used in this experiment is too small to make an adequate comparison 
of potency between Neoantergan and 3277 R.P., but it is evident that both are 
more potent than 3015 R.P. The table includes only acute deaths from typical 
histamine shock. Actuallj^ most of the “survivors” of this experiment died 
some hours later of perforating gastric ulcer, presumably induced b}’^ the hista- 
mine. Histamine is known to produce gastric ulcers in dogs (14), and anti- 
histaminic drugs are of little value in counteracting the effect of histamine on 
gastric secretion (15) or in preventing histamine-induced ulcer (16). 

In the second procedure, the quantity of histamine administered intravenously 
was held constant at 0.5 mgm. per kgm. of the dihydrochloride. About thirty 
minutes before the histamine injection, the drug to be tested was injected sub- 
cutaneously in graded doses, to determine the smallest protective dose. For this 
test, the animals were not re-used, for it was found in preliminary tests that an 

TABLE 1 


Acute deaths after massive histamine injections 


NEOANTEECAW, 10 KCiC./CGU. 

3015 R J*.. 10 UGU./XCU. 

I 3277 R.P., 10 KCir./roif. 

Histamine 

1 Number of animals 

Histamine 

1 Number of animals 

Histamine 

1 Number of animals 

dosage 

lived 

died 

dosage 

lived 

died 

dosage 

lived 

died 

mgm./ktm. 



mgm./igm. 



mgm./igm> 



30 

2 

0 

25 

2 

0 

100 

2 

0 

40 

2 

0 

50 

1 

1 

160 

2 

0 

80 

2 

0 

75 

1 

1 

320 

1 

3 

160 

2 

0 

100 

0 

2 

400 

1 

1 

240 

1 

1 

160 

0 

2 

500 

1 

1 

320 

2 

2 




600 

0 

2 

400 

1 

1 







500 

0 

2 








animal which survived a near-lethal dose of histamine was partially refractory to 
intravenous histamine thereafter. The duration of this refractory period was 
not measured, for once its existence was established, it was deemed best to obtain 
a fresh animal for each injection. 

The results of this experiment are summarized in table 2. Altogether, 311 
animals were used, of which 13 were controls, receiving no antihistaminic drug. 
All the controls died within a few minutes of the injection, of typical histamine 
shock. From these results, it appears that Neoantergan is a more potent 
antagonist of histamine than any of the other compounds. It is followed by 
Pyribenzamine, 3015 R.P., 3277 R.P., Benadryl, and Hetramine, in order of 
potency. Three of these compounds have also been compared by Friedlander 
and Feinberg (17). Although they used a slightlj’ different method for eval- 
uating the drugs, our results are in substantial agreement with theirs. 

Experiments icith histamine aerosol: The method used for testing the efficacy 
of antihistaminic drugs against histamine aerosol differed from that used by 
Loew and associates (5). A chamber about one foot high and one foot in diame- 
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TABLE 2 


Protective effect of antihistaminic drugs against histamine 
0.5 mgm./kgm. iniraventmsly 


AimmsTAimnc 


SEVDUTY or SYMPTOMS* 
(KCMBZX OPvUnUAIS) 


PEE CENT 
Sim\T\XP 

PXECEKT 
SHOWTNC LESS 
THAJ7 +++ 

Kind 

Dosage 1 

0 

+ 

++ 

+++ 

death 


SYMPTOMS 

None (Controls) 

fTtgm./ kgm 

0 

0 

0 

0 

13 

0 

0 

Neoantergan 

.03 to .06 

5 


1 

2 

0 

100 

so 


.02 

1 


3 

5 

0 

100 

50 


.01 

0 

2 

2 

6 

0 

100 

40 


.005 

0 


0 

S 

2 

80 

0 


.0025 

0 


1 

6 

3 

70 

10 


.001 

0 


0 

4 

6 

40 

0 

Pyribenzamine 

.03 

B 


4 

5 

0 

100 

50 


.02 

0 


1 

7 

2 

80 

10 


.01 

0 


1 

6 


SO 

20 


.005 

0 

0 

0 

7 


70 

0 


.0025 

0 

0 

1 

3 

6 

40 

10 

3015 R.P. 

.05 

0 

2 

B 

2 

0 

100 

60 


.01 

0 

HiB 

B 

9 

0 

100 

10 


.03 

0 

0 

0 

8 

2 

SO 

0 


.02 

0 

0 

1 

6 

3 

70 

10 


.01 

0 

0 

0 

5 

5 

50 

0 


.005 

0 

0 

1 

2 

7 

30 

10 

3277 R.P. 

.05 

0 

1 

1 

5 

3 

70 

20 


.01 

0 

0 

1 

7 

2 

80 

10 


.03 

0 

1 

3 

5 

1 

90 

40 


.02 

0 

0 

1 

3 

4 

50 

12 


.01 

0 

0 

0 

0 

10 

0 

0 

Benadryl 

.10 

0 

2 

0 

7 

1 

90 

20 


.03 

0 

0 

0 

7 


70 

0 


.07 

0 

2 

0 

4 


60 

20 


.06 

0 

Bl 


4 


40 

0 


.05 

0 

B 


4 


40 

0 


.01 

0 

0 

0 

3 


30 

0 


.03 

0 

0 

0 

3 


30 

0 

Hetramine 

.40 

1 

0 


3 


SO 

20 


.20 

0 

0 

1 

2 

2 

60 

20 


.10 

0 

0 

0 

2 

3 

40 

0 


• Severity of ejmptoma: 

0 = DO symptoms. 

+ = hypcrpnea, rcstlessncES, lacrymatioa. 

++ = cougliing, dyspnea, occasional gasping. 
+++ = marked air hunger, convulsions, prostration. 
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ter was divided into four compartments with wire mesh. The lid of the chamber 
was made readily removable for easy access to the animals. An opening for 
drainage was provided in the floor. A hole in the side permitted the insertion 
of the nozzle of a Vaponephrin Nebulizer. Most of the droplets in the mist 
produced by this instrument are one micron or less in diameter (18). In opera- 
tion, four guinea pigs were placed in the chamber, and a solution containing 10 
mgm. of histamine dihydroehloride in 5 milliliters of water was placed in the 
nebulizer. Compressed air at a constant pressure of 300 mm. Hg was used to 
operate the nebulizer. The mist was sprayed into the chamber for a period of 
one minute, timed with a stopwatch. The animals were observed through a 
■window in the side of the chamber, and graded for signs of histamine poisoning 
as outlined in the footnote to table 2. 

It was soon found that an animal developing a “three plus” reaction wmuld die 
if left in the chamber. Such animals were therefore removed, and it was found 
that most of them would recover promptly in room air. In this way, the same 
animals could be used over and over again. The reaction of a given animal to 
this procedure was fairly uniform in most cases, and there was no sign of re- 
fractoriness such as was observed in the guinea pigs receiving histanune intraven- 
ously. Animals repeatedly exposed to this ordeal seemed none the worse for 
the experience, and continued to grow in a normal fashion. The maximum time 
of exposure was 10 minutes. Animals which did not show a "three plus” re- 
action \vithin 10 minutes of the start of the nebuhzation were removed from the 
chamber and graded according to the maximum severity of symptoms shown. 

Preliminary exposures to the histamine mist were made in all animals before 
administration of an antihistaminic compound, and those not showing “three 
plus” reactions in at least three out of four preliminary exposures were discarded 
as insufficiently sensitive to histamine. Out of 120 animals started on this test, 
93 survived the preliminary expsures, and 41 of these showed “three plus” 
reactions at least three times out of four. These 41 guinea pigs were accordingly 
used for testing antihistaminic drugs, the same animals being used for each 
compound. The drugs were administered subcutaneously; about one half hour 
was allowed between injection and exposure to the histamine mist. The e.xperi- 
ments are summarized in table 3. It is clear that the order of potency is sub- 
stantially the same as that found in the e.xperiments wth intravenous histamine. 
Sherrod, et al. (19) have also reported Xeoantergan to be more potent than 
Pyribenzamine or Benadryl in counteracting bronchospasm produced by 
atomized histamine in guinea pigs. 

It is interesting that the dosages of antihistamine drug required to protect 
against the aerosol were much larger than those which were fully protective 
against the intravenous injections. This can not be because histamine is ad- 
ministered in greater quantity bj' the aerosol method. It was found that about 
0.15 milliliter of histamine solution, containing about 0.3 mgm. of histamine 
dihydroehloride, was nebulized in one minute. The animals actually absorbed 
only a small fraction of the total amount of histamine present in the chamber, 
but even if the 3 ' had absorbed it all, it would have meant not more than 0.075 
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mgni. per animal. At an average wei^t of 300 grams, tliat would be about 
0.25 mgm. per kgm., whereas the intravenous injection was 0.5 mgm. per kgm. 
The effect of a given amount of histamine is therefore greater if it is administered 
by way of the limgs in the form of minute droplets than if administered intraven- 
ously. A similar conclusion has been reached by others (20). 

Experiments on the isolated intestinal strip: Histamine dihydrochloride in a 
concentration of 1/5,000,000 was added to Tyrode’s solution in wHch a strip of 

TABLE 3 


Protection afforded by antihislaminie drugs against histamine aerosol 


AsmaxsTiunoc cKuo 

xmoox or jumms seowivc zacs gxaoz or 
szvzzirr or sncritucs 

Soad 

Docile 

mm 


-H- 





umi 



No dmg — preliminary tests on all ani- 






nmls nsed 


2 


•13 

142 

Neoantergan 

Sfl 



16 

11 


.05 

13 


8 

3 


.10 

31 


0 

0 

Pyribenzamine 

.10 

1 

16 

17 

1 


.20 

15 

12 

8 



.50 

28 

6 

0 

0 

3015 R B. 

.10 

0 

7 

17 

11 


.50 

IS 

9 

8 

0 

3277 R.P. 

.20 

0 

9 

21 

5 


.50 

19 

13 

2 ; 

0 

Benadryl 

.10 

0 

1 

17 

22 


.20 

0 

1 

21 



.50 

0 

12 

18 



1.00 

11 

12 

11 


Hetramine 

1.00 

0 

4 

12 

0 


2.00 

4 

11 

3 

0 


guinea pig ileum was suspended. The bath was maintained at a temperature 
of 37°C. The histamine-induced contraction was recorded, the strip washed, 
and after a 10 minute rest, antihistaminic drug was added in a concentration of 
1/60,000,000. Concentrations were kept the same in aU experiments, so that 
direct comparison of potenc 3 ' could be made. About one minute after adding the 
drug to be tested, histamine was added as before. The height of each contrac- 
tion was measured in millimeters, and that of the control response was taken as 

100%. The “per cent inhibition” was calculated as follows: ~ ° 


C 


X 100, 
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where C = height of control response in millimeters, and c = height of response 
after antihistaminic drug. Table 4 was constructed from the data obtained. 
The relative order of potency of the compounds was the same as in the preceding 
experiments 

Acnie Toxicity; A. Lethal doses: The drugs were injected intraperitoneall}’’ in 
mice, ten animals at each dosage level. The results, given in table 5, indicate 
that none of the compounds is highly toxic, compared with therapeutically effec- 

TABLE 4 

Actmty of antthieiamimc drugs in tnhibtttng histamtne-induced contraction of the 
isolated guinea pig ileum; concentration of drug S X 10~‘, and of 
histamine, 2 X 


ANTIBISTAMIKIC DMC 

NUKBre or expeuuekts 

AVSXACZ FEE CZITT 
iNBiBinoN or HiSTAKnrr 

COKTXACnOK 

Neoantergan. . 

14 

81 

Pyribenzamine 

14 

68 

3015 R.P. 

16 

^ 52 

3277 R.P.. 

16 

45 

Benadryl 

13 

42 

Hetramine 

! 12 

11 


TABLE 5 

Toxicity of antihistaminic drugs as tested intraperitoneally in mice 


DX0C 

KUUBrX or AKIUALS 

L D.50 

Neoantergan . 

30 

tTipn /kpfi, 

102 ± 11* 

Pyribenzamine . 

50 

68± 7 

3015 R.P. 

40 

140 ± 13 

3277 R P.t 

40 

190 ± 21 

Benadiylf 

50 

140 ± 13 

Hetramine 

40 

76 ± 7 


• Standard error 

t Includes delaj'ed deaths. Delayed deaths were also observed with 3015 R P. in one 
test, but these may not have been due to the drug, since the air-conditioning system in the 
animal room was out of order; a repetition of the test gave no delayed deaths for 3015R P. 

tive dosage levels Howeter, delayed deaths, coming sometimes as late as a 
week after a single injection, were observed with two of the compounds, 3277 
R P and Benadrj’l 

If the data in table 2 are plotted on a graph, one can calculate the approvmatc 
dosage of drug necessarj' to permit sur\ ival of 50% of the guinea pigs receiving 
intraienous histamine, 0 5 mgm. per kgm If one divides the L.D. 50 in mice 
by the figuie so obtained, the following therapeutic indices are found: 
Xeoantergan 08,000, PjTibenzaniine 19,400, 3015 R.P. 14,000, 3277 R.P. 9,500, 
Benadn-1 2,333, Hetraminc 500. This indicates a safety factor for Xeoantergan 
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far surpassing that of any of the other compounds studied, although there would 
seem to be a wide mar^n of safety for all of them. 

B. Side reactions observed in mice: Violent comuilsions appeared in all groups 
of mice receiving 50 mgm. per kgm. or over of all the compounds. These seemed 
most violent in the mice injected with 3277 E,.P. and 3015 R.P. The animals 
were observed for about a week after the injection. Within a few hours after 
the initial convulsions, the survivors recovered. Those sunuving 100 mgm. per 
kgm. and over, however, appeared lethargic, the coat was ruffled, the eyes 
partially closed, and the animals walked with a peculiar humped-up gait. In 
some, there appeared to be some hemorrhage from the nares, and several had 
smears of coal-black fecal material in the perianal region. These reactions were 
especially notable in the animals receiving 3277 R.P. They were practicallj'' 
absent in those injected with Xeoantergan or Pyribenzamine, and were of inter- 
mediate intensity in those receiving the other compounds. 

Discussion. The rationale for the use of antihistaminic drugs in the treat- 
ment of allergj’^ rests on the observation that histamine is released during allergic 
reactions (literature reviewed by Feinberg (12)). While it is undoubtedly true 
that such release of histamine occurs in allergj% not alt allergic symptoms can 
be accounted for in this way — for example, the relative incoagulability of the 
blood of dogs in anaphylactic shock. It is reasonable to assume that the allergic 
reaction leads to cellular damage, which in turn leads to the release from the 
injured cells of various substances, including histamine. In administering a drug 
which is specificallj' an antagonist of histamine, we can not hope to affect the 
fundamental reaction which has led to histamine release, nor can we hope to 
relieve any symptoms which are due to the presence of noxious substances other 
than histamine. It is therefore not surprising that antihistaminic drugs are not 
successful in every case of allergy. Such a drug can at best be a palliatii'e for 
those symptoms of allergy which are referable to histamine. 

A truly rational treatment for allergj' would be based on knowledge of the 
fundamental mechanism ivhich, among other things, releases histamine. But 
in the present state of knowledge, we can not predict what such a treatment would 
be. In the meantime, research must be aimed at (1) a better understanding of 
the fundamental nature of allergy', and (2) the development of the best means of 
treatment on the basis of what we already know. Therefore, a continued search 
for better and safer antihistaminic drugs is still an important problem. On the 
basis of the results herein reported, Neoantergan is an important addition to the 
armamentarium of antihistaminic drugs, and is worthy of clinical evaluation. 

SUMMAKY 

Six dnigs have been tested in guinea pigs for antiliistaminic potency' against 
intravenous histamine, histamine aerosol, and on intestinal strips against hista- 
mine in vitro. The six compounds, in descending order of potency', are as follows : 
Neoantergan, Pyribenzamine, 3015 R.P., 3277 R.P., Benadry'l, and Hetramine. 
Although three of the compounds had a lower acute toxicity than Keoantergan, 
the to.xic/cffective dose ratio was highest for that compound. Side reactions 
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were least noticeable after Neoantergan, and most violent after 3277 RJP. De- 
layed deaths were observed after single injections of 3277 RP. and Benadiyl. 
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Ni-p-chlorophenyl-Ne-isopropylbiguanide (Paludrine) was synthesized by 
chemists at the Imperial Chemical Industries Limited, Manchester, England, 
during the course of a systematic exploration of biguanide derivatives (1). Clin- 
ical studies in England (2, 3), Austrab'a (4, 5) and this country (6, 7, 8) indicate 
that this compoimd is an exceedingly promising antimalarial drug. Stated 
briefly these studies have sho'ivn that at apparently well tolerated doses, Palu- 
drine exhibits causal prophylactic, suppressive and curative properties against 
sporozoite induced infections with Plasmodium falciparum, suppressive activity 
against sporozoite induced infections with Plasmodium vivax, and a high degree 
of curative activity against trophozoite induced infections with the latter para- 
site. On the basis of this clinical information, Paludrine appears to be one of 
the most promising and interesting therapeutic agents developed during the 
recent intensive investigations of antimalarial drugs carried out in this country 
and Great Britain. 

It is noteworthy that despite rather extensive clinical use there is essentially 
no information on the pharmacological properties of Paludrinp in either man or 
lower animals. Some data have been presented (2) on the levels of this drug 
which prevail in blood and urine subsequent to administration of therapeutic 
doses to human subjects. These data and a brief summary (9) of the absorption, 
excretion and tissue distribution of the compound in^he mouse, rat and rabbit 
constitute the pharmacological information which is generally available.^ There 
are no reports on the toxicology of Paludrine; apparently it was introduced into 
human subjects after toricity studies in mice and rats (2), 

It would appear highly desirable to have a detailed experimental evaluation 
of the pharmacological properties of Paludrine before this drug receives wide use 
under field conditions where control is difficult. Such information is also needed 
for a complete assessment of the relative merits of Paludrine and other anti- 
malarial drugs. Recognizing these needs, explorations of the pharmacological 
characteristics of Paludrine were initiated in this laboratory in October, 1946,s 
The investigations included assessments of the acute and chronic toxicities of 

* This study was supported in part by a grant-in-aid from the United States Public 
Health Service. 

* A detailed report on the studies in rodents carried out by A. Spinks has been supplied 
us through the generosity of the author. It is our understanding that this report is to be 
published shortly (10). 

* We arc indebted to Dr. D. G. Davey of Imperial Chemical Industries Limited, Man- 
chester, England, for the Paludrine used in this study. The compound was provided as the 
monohydrochloride. 
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the compound in mice, rats, dogs and monkeys, studies on absorption, excretion 
and tissue distribution in these animals and a limited examination of some of the 
peculiar ph 3 ^iological characteristics of the drug. The results of this work are 
reported here. 

Experimental. I. Acute Toxicity. The acute oral toxicity of Paludrine has 
been studied in the white mouse, white rat, dog and rhesus monkey {Macaca 
mulatla). In this work the drug has been administered as the water soluble 
dihydrochloride. Precise toxicity evaluations have been made in the, mouse; in 
the other species, only approximate evaluations have been made. The results of 
these toxicity determinations have been summarized in table 1. 

The data presented show that there are substantial differences in the oral ' 
toxicity of Paludrine for different animal species. The mouse appears to be the 
most susceptible of the animals studied; the rat is next in order. While no 
to.xicity ceiling has been reached in either the dog or monkey, it is apparent that 
Paludrine has lower acute toxicity in these species than in the mouse or rat. 
The LD 50 for the mouse was 23 mgm. per kgm. bodj' weight. The lethal dose 
for the 150 to 200 gram rat approximated 200 mgm. per kgm. Preliminary e.x- 
periments indicate that young rats are considerably less susceptible to Paludrine 
than older animals. Thus in the 60 gram animal the lethal dose approximated 
800 mgm. per kgm. The lethal dose for the dog or monkey was in excess of 400 
mgm. per kgm., this amount being without serious toxic effects. 

Some comment should be offered on the reactions produced by the adminis- 
tration of lethal and sublethal doses of Paludrine to the various animals. In the 
mouse the dose-effect cun'e was extremely steep. Doses of 15 mgm. per kgm. 
failed to kill any of 20 mice. Doses of 20 mgm. per kgm. were fatal to but 4 of 
45 animals, whereas doses of 25 mgm. were fatal to 14 of 20 mice and doses of 
30 mgm. to 42 of 45. Mice which succumbed to Paludrine exhibited ataxia and 
impairment of respiration 2 to 4 hours after receiving the drug and succumbed 
within 4 to 24 hours. Sublethal doses were devoid of effects on the groirth or 
general well-being of the mouse. Rats receiving lethal doses of the drug suffered 
marked depression and respiratorj’ embarrassment, with death occurring within 
4 to 48 hours. Sublethal doses caused a slight depression of growth in the grow- 
ing rat or a slight weight loss in the older animal. Both dogs and monkej’s, 
receiving 200 or 400 mgm. doses of Paludrine, vomited repeatedl 3 ' 2 to 4 hours 
after the drug had been administered; this was the on] 3 ' immediate toxic effect 
which was observed. There were no dela 3 -ed toxic S 3 Tnptoms. 

The acute intramuscular toxicit 3 ' of Paludrine was determined in the mouse, 
dog and monke 3 ' (table 1). In the mouse the LD 50 was appro.ximatel 3 ’ 20 mgm. 
per kgm., a figure onl 3 ' slight^’ less than that obtained for the oral to.xicit 3 ' of 
the drug. In the dog and monke 3 ', however, Paludrine was considerabl 3 ' more 
toxic when given b 3 ' the intramuscular route than when taken orall 3 ’. In either 
species, a dose of 160 mgm. per kgm. intramuscular^’ was fatal. Death occurred 
between 3 and 4 hours after the drug had been injected. The s 3 ’mptoms of fatal 
intoxication were first a profound letharg 3 ’, with slowing of the heart rate and 
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TABLE 1 

The acute tozicily of Palttdrine for the mouse, rat, dog and monlcey 



1X)SE 1 

1 

IBBB 

I 

A}.1UAL 

Paludrine 

KZUASXS 


base Per kgm. 




body veigki 




Oral Tojdcity 


Mouse* 

15 

20 

25 

30 


Surviving mice exliibited no toxic symp- 
toms. 

Eatf 

100 


No toxic effects. 


200 

400 

3/6 

6/8 

^Survivors lost alight amount of weight. 


800 

4/4 


Bog 

25 

0/1 

) 


50 

0/1 

>No toxic effects. 


100 

0/1 

1 


200 

0/1 

1 Vomited repeatedly 2 to 4 hours after 


400 

0/1 

/treatment. 

Monkey 

25 

0/1 

■ 


SO 

0/1 

SNo toxic effects. 


100 

0/1 



200 

0/1 

Vomited repeatedly 2 to 4 hours after 


400 

0/1 

/treatment. 


Intramuscular Toxicity 


Mouse* 

15 

0/20 

] 


20 

9/20 

ISurviving mice exhibited no toxic symp- 


25 

16/20 

(toms. 


30 

19/20 

j 

Bog 

20 

40 

0/1 

0/1 

|no toxic effects. 


SO 

0/1 

Depression of 12 hours duration. 


160 

1/1 



320 

1/1 


Monkey 

20 

40 

0/1 

0/1 

|no toxic effects. 


SO 

0/1 

Depression of 8 hours duration. 


160 

1/1 



320 

1/1 



* The white mice used in these experiments weighed 14 to 16 grams, 
t The rats used in these experiments were of the Sprague-Dawloy strain and weieherf 
130 to 220 grams. 
























236 


L. H. SCHMIDT, H. B. HUGHES AND C. C. SMITH 


respiration, followed by coma. An intramuscular dose of 80 mgm. per kgm. 
produced a marked depression lasting for some 8 to 12 hours. 

II. Chronic Toxicity. A. Experiments with mice. A limited study of the 
short-term chronic toxicity of Paludrine was carried out. In this W'ork 5 groups 
of 15 white mice each (13 to 17 grams weight, with 1 gram variation within a 
group) were fed for 10 day periods on diets of ground Purina Dog Chow con- 
taining 0.005, 0.01, 0.02, 0.04 and 0.08 per cent Paludrine.’ A sixth group of 
15 animals served as controls and received the basal diet without drug. Daily 
observations on the outward behavior of the mice, weight changes, and food and 
■drug intakes were recorded. Animals succumbing to treatment and selected 

TABLE 2 


Subacute toxicity of Paludrine for the mouse 


cxorp* 

PZK CEKT 1 
PALTJDUNt 

AVSKAOE 
DAILY POOD 
XKTAJOe 

AVE&AOC 

DAILY 

PALTTDUKE 

IKTATE 

AVZXACC tmOST OSAK5 

truAXts 


IK DIET 

Gruns per 
mouse 

Hgm. b&se 
perk^. 
body 
wet^t 

Initial 

Fififtl 

Control 

0 

3.6 

0 

17.6 

■SH 


A 

0.005 

3.0 

9 

16.4 



B 

0.01 

2.8 

18.5 

15.2 



C 

0.02 

2.4 

32 

15.2 

14.4 


D 

0.04 

1.4 

45 

13.7 

11.0 

Fatal to 4 mice. Deaths 
occurred on 3rd, 6tb, 
9tb, and 10th days. 

E 

0.08 

0.4 

21 

15.4 


All mice dead by 10th day. 
Deaths occurred as fol- 
lows: 2 on 4th, 2 on 6tb, 

6 on 6th, 1 on 7th, 3 on 
8th, 1 on 10th days. 


• Each group comprised 16 mice. 


mice from groups where no fatalities occurred were examined for gross evidences 
of pathology. The more significant findings in this e.xperiment are summarized 
in table 2. 

The most prominent, if not the only, toxic effect of Paludrine was on the ajH 
petite. Animals receiving the highest levels of this drug in the diet (0.04 and 
0.08 per cent) literally starved to death (table 2) and on even the lowest level 
(0.005 per cent) food consumption was reduced to the point where normal 
growth was interrupted. These effects on appetite and resulting food consump- 
tion were probably not due to an aversion of the mouse for food containing 
Paludrine, but more likely were the result of some specific but as yet undefined 
effect on the gastrointestinal tract. This explanation is indicated by the occur- 

> Paludrine as the monohydrochloride was used in this and the other chronic toxicity 
studies. 
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rence of the same dramatic loss of appetite in dogs and monkeys which received 
the drug via stomach tube approximatdy 6 hours prior to feeding. 

The daily dose of Paludrine which had a significant effect on food consumption 
of the mice was exceedingly small, 9 mgm. per kgm. body weight. » It is note- 
worthy, in contrast to the results of acute sin^e dose experiments, that 32 mgm. 
per kpn. in divided doses was tolerated without fatalities. This relation between 
the acute and chronic lethal doses is, of course, a good indication that the com- 
poimd is not extenavely localized in the body. 

It must be emphaazed that Paludrine produced no toxic manifestations which 
could be dissociated from the processes of starvation. Neither did the drug 
produce demonstrable leaons in the heart, lungs, liver, spleen, kidneys, stomach 
or small intestine. 

B. Experiments with rats. Two exjreriments dealing with the chronic toxicity 
of Paludrine have been carried out. The first of these, a preliminary study, in- 
volving but small numbers of animals, was a short-term experiment designed 
solely to indicate the doses of the drug which ou^t to be used in the major 
Btudy. In this preliminary work, 5 groups of 3 rats each (Sprague-Dawley 
Strain) were placed on diets of Purina Dog Oiow containing 0, 0.1, 0.2, 0.4 or 
0.8 per cent Paludrine. Daily observations were made of weight changes, food 
and drug intakes and specific toxic reactions. This experiment was interrupted 
at the end of 6 days, at which time all of the rats on 0.4 and 0.8 per cent diets 
had succumbed. The animals on the 0.2 per cent diet were in a critical state, 
having suffered a 36 per cent weight loss (88 to 56 grams). The rats on a 0.1 
per cent diet were in good health but had gained only a fraction of the wei^t 
gained by the imtreated controls — 6 grams, as contrasted with 26 grams. 

It must be emphatized that deaths among the above animals appeared to be 
due to starvation. Aside from failure to eat and consequent loss of weight there 
were no sjrecific evidences of toxicity. Necropaes revealed no remarkable 
findings. 

The major experiment was organized on the basis of this preliminary study. 
Six groups of rats, 9 males and 9 females per group, were used in the main experi- 
ment. These animalR received diets of groimd Purina Dog Chow containing 
Paludrine in concentrations of 0.0, 0.0125, 0.025, 0.05, 0.075 or 0.1 jrer cent for a 
period of 60 days. Observations on the general state of health of the animals, 
weight, and food and drug intakes were recorded daily. At the end of the 60 
day period representative animals from each group were sacrificed for studies of 
organ pathology and the distribution of Paludrine in the various organs and 
tissues. The remainder of the rats were placed on the basal diet without drug 
to determine w’hether the toxic effects of Paludrine were reversible. 

All but one of the animals survived the 60 day treatment period. The death 
of this rat, a male on the 0.075 per cent diet, occurred on the 35th day and was 
entirely unexplainable. Its death should probably not be attributed to the drug. 

Suppression of growth was the only outward manifestation of toxicity which 
occurred in this study. The effects of various drug intakes on growth have been 
summarized in figure 1 and table 3. It should be noted that daily Paludrine 
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intakes of 11 to 23 mgm. per kgm. did not affect growth, but that doses of 45 
mgm. exerted a significant depressing effect. The action of larger doses was 
correspondingly greater. The data recorded in table 3 appear to indicate that 
Paludrine has greater effects on male than on female animals. This difference 
may be merely an artifact reflecting the greater growth rate of the normal male 
rat. 

The growth suppressing effects of Paludrine were probably entirely the result 
of depression of appetite. This was suggested strongly by the eating habits of 
the rats. Daily food intakes were fairly constant in the animals receiving the 


TABLE 3 

The effects of Paludrine on growth of the rat 



1 

PER CENT 
FAXtn>RXNE 

1 

AVERAGE OAILY 
POOD INTAEE 

AVERAGE CATLY 
PALCPRINE 
IHTAZE 

AVERAGE WEIGHT CRAXS j 

1 

WEIGHT CAIN IN 
TER CENT OT 


IN DIET 

Gnou per r&t 

Mra. base per 
kgm. body 
weight 

Initial 

Final 

CONTROL CAIN 


Male Bats 


Control 

0 


0 

79 

282 

100 

A 

0.0125 


11.2 

82 

265 

90 

B 

0.025 

msSM 

22.3 

86 

283 

BB 

C 

0.05 

13.8 

45.6 

78 

238 


D 

0.075 

11.3 

68.3 

73 

198 


E 

0.10 

7.9 

90.4 

68 

117 


Female Bats 

Control 

0 


0 

79 

WtM 

100 

A 

0.0125 


11.3 

83 


96 

B 

0.025 


23.5 

82 

B 

92 . 

C 

0.05 

11.9 

47.4 

77 


81 

D 

0.075 

11.9 

71.0 

71 


78 

E 

0.10 

7.7 

91.3 

63 

■■ 

40 


• Each group comprised 9 rats. 


®ontrol diets and those containing Paludrine in concentrations which did not 
affect growth. This was not the case with the animals that received the com- 
pound at levels which affected growth. At such doses food consumption was 
extremely irregular. The rats would eat normally for a day or tw'o, then refuse 
food for a similar or longer period of time; after this a brief period of near normal 
food intake would ensue. 

The changes in weight which occurred after withdrawal of Paludrine and 
restoration of a normal diet are shown graphically in figure 1. The rapidity with 
which growth was resumed at this dietary change clearly indicates that the effects 
of Paludrine were readily reversible. 
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It shonld be noted that at the doses of Paludrine employed in this study there 
was no evidence of organ pathology. 

C. Experiments with dogs and monkeys. Since the experiments with these 
animals were performed with essentially the same techniques, they will be 




WEEKS OF TREATMENT 

Fig. 1 . The Effects of Paeupbike on Growth of the tVHiTE Rat 

described together. Five litter mate dogs, approximately 9 months of age, and 
7 rhesus monkeys were used in the stud}\ The daily doses of Paludrine for 
th^e animals were 10, 20, 40, 80 and 160 mgm. per kgm. body weight. The 
daily dose was administered via stomach tube in 2 equal portions at 10 A.M. and 
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10 P.M. Detailed hematological studies, including total erythrocide and 
leucocyte counts, differential leucocyte counts and hemoglobin determinations, 
were carried out on 3 separate occasions prior to the start of treatment and at 
weekly intervals thereafter. Electrocardiographic studies were carried out on 
the dogs prior to treatment and at numerous intervals during drug administra- 
tion. In both species plasma Paludrine concentrations were measured on the 
14th, 28th, 42nd and 56th days of treatment; on each of these days blood samples 
were obtained just prior to the 10 A.M. dose and 2 hours thereafter. Necropsies 
were performed on all animals, either as death occurred during treatment, or at 
termination of the experiment on the 63rd or 64th day. The organs and tissues 
of selected animals were analyzed for Paludrine content. The principal results 
of the study have been summarized in tables 4 and 5. 

As shown in Table 4 only the dog which received 10 mgm, per kgm. doses of 
Paludrine survived treatment. This animal sahvated copiously about an hour 
after the 10 A.M. dose on the 48th day; it exhibited no other to.\io reaction and 
was in excellent health when sacrificed on the 64th day. The dogs which re- 
ceived daily doses of 20, 40, 80 or 160 mgm. per kgm. succumbed after 30, 21, 
10 and 7 days treatment, respectively. All exhibited the same ssmdrome, 
copious salivation throughout the entire day but especially markfed immediately 
after treatment, vomiting ivith the vomitus heavily contaminated with bile, and 
loss of appetite leading to extreme emaciation and death. One dog, originally 
weighing 18.8 kgm., lost 6.2 kgm. in a 30 day period. 

The results of the electrocardiographic stui’es on these dogs were not especially 
noteworthy. A marked bradycardia was present in the severely into.xicated 
animals. In one dog (434) inversion of the T wave occurred. 

Necropsies revealed but few remarkable gross findings. All of the animals 
that died as a result of treatment were badly dehydrated. One animal (436) had 
a grossly enlarged, very congested liver. In 3 of the dogs the stomach and 
proximal portion of the small intestine contained abnormally large quantities of 
bile. In 2 of the dogs the stomach mucosa was extremely hyperemic but no 
hemorrhages were present. 

As indicated in table 5, Paludrine was somewhat better tolerated by the 
monkey than by the dog. Two monkeys on daily doses of 10 mgm. per kgm. 
and 2 on doses of 20 mgm. per kgm. survived 63 days treatment. One of these 
monkeys on the 20 mgm. dose lost considerable weight. The other survivors 
were in e.vcellent health at the end of the experiment although all exhibited the 
same type of salivation noted above in the dog. The monkeys that received 
daily doses of Paludrine of 40, SO and 160 mgm per kgm. succiunbed after 22, 
IS and 7 days treatment. These animals salivated profusely and continuously, 
ate very irregularly and lost considerable weight. With one exception the 
necropsies failed to reveal any gross eiddence of organ pathology. In this ex- 
ception (899) there was marked enlargement and congestion of the liver. 

The results of the hematological studies in both dogs and monkeys can be 
summarized very briefly. In all of the fatal cases there was marked hemo-con- 
centration with an increase in hemoglobin content and erythrocyte count. The 
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TABLE 4 


Chronic toxicity of Paludrine for the dog 


DOC NO. 

DAZLITDOSE 

oy 

yAXTTSSIHZ 

OATS or 

BO&T WZ1C£EX xai. 

KZUAXKS 


Ugzn. base 
perkgm. 
t»dy wei^l 


Initial 

FinH 

437 

10 

64 

20.8 

21.0 

Salivated profusely after AJVI. treatment 
on 48th day. Aside from this episode 
there was no evidence of toxicity. Sac- 
rificed on 64th day. Necropsy revealed 
no gross pathology. 

434 

20 

30 

18.8 

12.6 

Profuse salivation on 9th day and there- 
after. IjOss of appetite at that time. 
Activity normal until 23rd day. Weak 
and emaciated at that time. Died on 
31st day. Necropsy revealed no gross 
organ pathology; stomach and upper 
portion of small intestine contained ab- 
normally large quantity of bile; gall 
bladder was greatly distended. 

435 

40 

21 

15.1 

10.6 

1 

Profuse salivation on 5th day, followed 
by loss of appetite and emaciation. 
Critically weak on 10th day and there- 
after. Badly dehydrated; hemo-concen- 
i tration marked. Vomited eonsiderable 

! quantities of bile-containing fluid. 

■ Died on 22nd day. No gross pathology 
except in stomach; the mucosa of this 
organ was extremely hyperemic; the 
stomach, duodenum, and jejunum con- 
tained large quantities of bile. 

436 

1 

80 

10 

12.4 

9.4 i 

1 

Profuse salivatioa on Sth day, followed by 
loss of appetite and emaciation. Fre* 
quent vomiting; vomitus contained 
large amounts of bile. Marked hemo> 
concentration. Died on 11th day. Nec- 
ropsy revealed grossly enlarged liver 
with considerable congestion; stomach 
mucosa was hyperemic; stomach con- 
tained a large quantity of bile; the 
gastrointestinal tract was completely 
free of food residue. 

438 

160 


11.7 

8.1 

Vomited repeatedly on 3rd day and there- 
after. Profuse salivation on 3rd day 
followed by loss of appetite and rapid 
weight loss. Prostrated on 6th day. 
Died on 7th day. Necropsy revealed 
no gross pathology. 
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TABLE 5 


Chronic toxicity of Paludrine for the monkey 


KOKC£Y 

DAILY DOSE 
07 

FALin)KlKS 

DAYS 07 

BODY WEIOHT ZCit. 

KEUAXKIS 


Mgm. base 
per tgm, 
body weight 


Initial 

Final 

941 

i 

10 

63 

1 

■ 

Salivated to moderate degree 1 to 2 hours 
after each treatment, beginning on 
23rd day. Otherwise there were no 
manifestations of toxicity. Sacrificed 
on 63rd day. Necropsy revealed no 
gross pathology. 

864 

10 

63 

1 

1 

Salivated to moderate degree 1 to 2 hours 
after each treatment, beginning on 25th 
day. Otherwise there were no mani- 
festations of toxicity. Sacrificed on 
63rd day. Necropsy revealed no gross 
pathology. 

799 

20 

63 

1 

■ 

Salivated profusely on 17th day and there- 
after. Otben^ise there was no adverse 
reaction to treatment. Sacrificed on 
63rd day. Necropsy revealed no gross 
pathology. 

417 

20 

63 

1 

j 

' 7-1 

I 4.5 

1 

Salivated profusely on 16th day and 

1 thereafter. Loss of appetite on 29th 
day with slow but progressive weight 
loss following. Animal active but ema- 
ciated when sacrificed on 63rd day. 
Necropsy revealed no gross pathology. 

891 

40 

j 

22 

6.6 

5.2 

Salivated markedly on 13th day and there- 
after. Loss of appetite at that time with 
slow weight loss following. Prostrated 
on 20th day. Died on 22nd day. Nec- 
ropsy revealed no gross pathology. 

899 

80 

18 

6.4 

1 

Profuse salivation on 10th day. l/oss of 
appetite and weight from 13th day. 
Prostrated on 15th day. Marked hemo- 
conqentration. Died on 19th day. 
Necropsy revealed grossly enlarged 
liver, greatly distended gall bladder, 
othen\ise nothing remarkable. 

818 

160 

■ 

5.2 

4.3 

Profuse salivation on 3rd day. Loss of 
appetite on 3rd day. Prostrated on 
Sth day. Marked hemo-concentration. 
Died on 8th day. Necropsy revealed 
no gross patholog>'. 
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maximum hemo-concentration occurred in dog 436 in which the hemoglobin level 
rose from 12 grams per 100 ml. prior to treatment to 19 grams at time of death. 
There were no significant alterations in total leucocyte coimts and differential 
counts in either dogs or monkeys. There was a normal ratio of erythroid to 
myeloid elements in the bone marrow with no evidence of either hyperplasia or 
hypoplasia. 

Since Fairley’s studies in humans (5) suggested that Paludrine might induce 
renal injury, bladder urine obtained from each of the dogs and monkeys at 
necropsy^ was examined carefully. Microscopic findings were negative; there 
was no albuminuria. 

Additional experiments were carried out with 2 dogs to determine whether 
the toxic effects of Paludrine were readily reversible. One of these dogs (441) 
received Paludrine in daily doses of 80 mgm. per kgm., the other (442) 160 mgm. 
per kgm. Treatment was continued until both animals were critically ill, 10 
days in the case of dog 441, 5 days in the case of dog 442. At these times it was 
felt that unless treatment was stopped death would ensue shortly. The im- 
provement upon withdrawal of Paludrine was dramatic. Salivation ceased 
wthin 36 hours. Appetite returned at about that time. Both animals had 
suffered considerable weight loss during treatment. The weight of dog 441 
had decreased from 11.4 to 8.8 kgm., that of dog 442 from 11.1 to 8.6 kgm. Ten 
days after treatment had been stopped these animals weighed 10.0 and 10.1 
kgm. respectively; at 30 days their weights %vere 13.3 and 12.4 kgm. These 
observations clearly indicate that the toxic effects of Paludrine in the dog are 
readily’ reversible. This is in agreement with the findings obtained in the rat. 

III. Absorplion and Tissue Dislrihulion. The method employed for the 
determination of Paludrine throughout e.xperiments described in this and sub- 
sequent sections is an adaptation of the procedure described originally by Spinks 
and Tottey (11, 12). Some of the modifications were developed by Eichelberger 
(13), others by Hughes (14). Stated briefly the modifications developed in this 
laboratory included the following: (1) a technique for limiting the o.xidation of 
the p-chloroaniline which is liberated during acid hydrolysis of Paludrine; and 
(2) substitution of N-(l-naphthy’l)-ethylenediamine dihydrocliloride (15) as the 
coupling agent in place of jN’-sulphatoethy'l-m-toluidine used by Spinks and 
Tottey’. As will be brought out in a later publication, the modified method 
yields quantitative recoveries when Paludrine is added to tissue homogenates, 
stomach and intestinal contents, feces, urine, and various body fluids of normal 
control animals. 

A. Absorption of single doses. A preliminary’ study of the absorption of 
Paludrine has been carried out in the rat, dog and monkey’. In this work the 
drug was administered via stomach tube as the monohy'drochloride. The dose 
in each instance was 40 mgm. base per kgm. body’ weight. The animals were 
sacrificed at intervals after ingesting the drug. The entire gastrointestinal 
tract was excised and the contents thereof, pooled with such fecal material as 
liad been obtained in the interval, were extracted and analyzed for Paludrine 
content. 

'ru„ recovery of Paludrine from the g.'istrointestin.al tracts of rats, sacrificed 
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1, 3 and 24 hours after treatment, amounted to 78, 68, 50 and 15 per cent of 
the total drug which had been ingested. Thus it would appear as if at the dose 
given, absorption of Paludrine by the rat is fairly complete but not particularly 
rapid. Absorption in the dog and monkey was not markedly different from that 
just described for the rat. After a 3 hour absorption period 40 per cent of the 
drug administered was recovered from the gastrointestinal tract of the dog, 56 
per cent from that of the monkey. 

B. Concentrations of Paludrine in the plasma. The levels of Paludrine in 
plasma were determined following ingestion of single oral doses of 12.5 and 25 
mgm. per kgm. by dogs, and 12.5, 25 and 50 mgm. per kgm. by monkej^s. As 
in the preceding experiments the drug was admim’stered as the monohydro- 
chloride via stomach tube. Blood samples were obtained at 1, 2, 4, 8 and 24 

TABLE 6 


The concenlraiions of Paludrine in the plasma following adminislraiion 
of single oral doses to the dog or monkey 



XX>S£ 0^ 
PAZ.UZ)SXKE 

y PA1.T7DUNE m ixrrz OT TULSUA 

AKnCAI. KUIOZS 

Mgm. bftse 

Honrs after logtstion of Dmg 


beSSr weight 

1 1 1 2 1 4 1 8 

1 « 


Dogs 


437 

12.5 

315 

1,035 

460 

270 

<20 

434 

25 

630 

1,845 

540 

225 

<20 

Monkeys 

864 

12.5 

90 

90 

20 

<20 

1 <20 

417 

25 

90 

260 

90 

45 

<20 

891 

50 

135 

400 

270 

255 

<20 


hours. Plasma, in this and in all other blood level studies, was separated by 
centrifugation as soon as the blood was drarni. 

As shown in table 6, the concentrations of Paludrine in the plasma rose to a 
peak approximately 2 hours after ingestion of the drug. Levels then declined 
fairly rapidly and at 24 hours were less than the minimum concentration irhich 
can be detected by present analytical procedures. Dose for dose, the plasma 
levels of Paludrine in the dog were much greater than those in the monkey, the 
difference at the peak period being 7 to 11 fold. In both dogs and monkeys, the 
concentrations of Paludrine bore a direct relation to the dose of drug admin- 
istered. 

As was mentioned in Section II of this report, plasma levels were determined 
approximately every 2 weeks during studies on the chronic toxicity of Paludrine 
for dogs and monkeys. The results of these determinations hixvc been sum- 
marized in table 7. It should bo noted that, except when the e.xpcrimcnt ter- 
minated fatally, there was no indication of the acciunulation of this drug in the 
plasma. In fatal cases a very striking increase occurred just prior to death. 
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In most instances plasma levels were considerably higher in dogs than in monkeys 
receiving identical doses. This difference was not as great, however, as in single 
dose experiments. Although for the most part Paludrine concentrations in 
plasma were directly related to the dose of drug, marked variations were noted 
in the levels of individual animals. At the peak period these individual varia- 
tions never exceeded 100 per cent; at the trough period, however, the variations 
were as great as 500 to 600 per cent. 

tabu: 7 


The concentraiions of Paludrine in the plasma of dogs and monkeys 
receiving repealed doses of this drug 



DAn.TZX>SE 

at 

PALUraiKS 

1 y FALUSSlMi: FEX UTEX OT FLA51CA 

AimCAl. 

KUICSJX 


Peak levels (2 boars After dosage) 

Troogb levels (12 hoars after dosage) 



per kgm. 

Weeks of treatment 

Weeks of treatment 

Tenninal 



2 1 4 1 6 1 a 

2 1 4 1 6 1 * 



Dogs 


437 

10 

1,035 

875 

750 

905 1 

50 

250 

83 

1 44 


434 

20 

1,665 

875 

— 


475 

834 




435 

40 

1,890 




810 




4,500 

436 

80 

1 

3,210* 

■ 

■1 

■ 

Ual 

■i 

Hi 

H 

3,300 


Monkeys 


941 

10 

334 

540 

625 

540 

42 

125 

165 

250 


864 

10 

625 

335 

420 

420 

124 

125 

83 

125 


799 

20 

490 

959 

580 

500 

165 

290 

375 

417 


417 

20 

420 

875 

540 

540 

420 

500 

125 

210 


891 

40 

875 


— 

— 

710 

— 

— 

— 

7,170 

899 

80 

1,170 

, 

__ 

— 

335 

— 

— 

— 

4,250 

818 

160 

— ! 

— 

— 

— 


— 

— 

— 

10,700 


* Plasma levels after 7 days treatment. 


C. Conamirations of Paludrine in the tissues. The tissue distribution of 
Paludrine was determined as part of the chronic toxicity study, described in 
Section II above. Representative data obtained in the rat, dog and monkey 
have been summarized in table 8. 

The data on the rat suggest that the pattern of tissue distribution varies with 
the dose of Paludrine. At the lowest dose there was comparatively little differ- 
ence in the concentrations of this drug in any tissue except blood plasma. Cere- 
bral cortex, with 0.28 mgm. per kgm., had the lowest concentration, while heart 
muscle, with O.CO mgm. per kgm., contained the greatest concentration. At the 
highest dose, the concentrations of Paludrine in different tissues varied widely. 
Brain still contained the lowest concentration, but the levels in erj-throcjdes 
kidney, lieart muscle, spleen, lung and liver were respectively 3.5, 5.5, C.5, 7 
9.5 and 31 times greater than those in brain. ’ 
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The data in dog and monkey indicate that the tissue distribution of Paludrine 
in these two species is essentially the same but differs in sei'eral respects from 
the tissue distribution of the drug in the rat. In the first place, at the same 
dose the tissue concentrations were much greater in the dog and monkey than in 
the rat. Secondly, localization of the drug in the liver was much greater in the 
former species than in the rat. Thus, on daily doses of approximately 10 mgm., 
rat liver contained but 0.4 mgm. Paludrine per kgm. whereas dog and monkey 
liver contained 22.9 and 41.3 mgm., respectively. The third difference was in 
the distribution of the drug between erythrocj’tes and plasma. In the dog and 

TABLE 8 


The concentrations of Paludrine in the tissues of the rat, dog and monkey 



DAZiy DOSE 
OF 

FALUDKIKE 

DAYS OF 

PALtlDRlNE COKCENTRATIOM 

AKXUAL 

Mgm. base 

TREAT- 

1£ENT 

Y per liter 

Mgm. per kgm. 


per kgm. 
body weight 


Plas- 

ma 

RBC 

Brahi 

Cord 

Lung 

Heart 

muscle 

Skeletal 

muscle 

Liver 

Kid- 

ney 

Spleen 

Rat* 

11 

60 

67 

380 




0.48 

0.60 




0.41 

0.40 

Rat* 

23 

60 

125 

— 


— 

3.20 

1.27 

— 

1.51 

O.SS 

0.54 

Rat* 

47 

60 

266 

— 

QR 

— 

3.53 

2.70 

— 

2.35 

1.33 

1.12 

Rat* 

71 

60 

199 

— 

QR 

— 

4.M 

3.56 

__ 

5.19 

2.68 

2.70 

Rat* 

91 

60 

533 


HQ 

— 

9.82 

6.41 

— 

31.70 


7.26 

Dog 437t 

10 

64 

500 

1,375 

3.46 

3.89 

7.13 

4.74 

1.60 


6.46 

9.34 

Monkej' 

864t 

10 

63 

460 


1.13 

1.29 


1.69 

0.72 

■ 


8.14 

799 

20 

63 

960 


2.42 

2.72 

12.32 

3.82 

0.83 

1^ 

9.16 

13.21 


* Paludrine was administered in the diet to these rats. 

t Paludrine was administered to these animals \-ia stomach tube, one half the daily dose 
at 12 hour intervals. Dog 437 was sacrificed 4 hours after the last treatment. Monkeys 
864 and 799 were sacrificed 3 and 4 hours respectively after the last dose of drug. 

monkej’^ the concentration in the erythrocytes was appro.ximately 21 times that 
in plasma ; in the rat the ratio was 6 to 7. 

It should be mentioned that the tissue distribution of Paludrine has also been 
studied in rats which received the drug for 14 days. Tissue concentrations in 
these animals were essentially the same as those in rats which received 60 days 
treatment. This shows that the continued ingestion of Paludrine, at sublethal 
doses, does not lead to accumulation of the drug in the tissues. 

IV. Physiological Disposition Of Paludrine. A. Balance experiments. The 
excretion of Paludrine in the urine and feces and its retention in the various 
tissues has been studied in the white rat. In this work, 0 mature rats were 
given daily doses of Paludrine (monohydrochloride) equii'alent to 25 and 50 
mgm. base per kgm. body weight. These doses divided into 2 equal portions 
were administered via stomach tube at 10 A.M. and 10 P.iM. for 14 consecutive 
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days. Urine and feces were collected separately. Prior to administration of 
the drug, daily collections of e.xcreta were analyzed to make certain that the 
urine and feces did not normal!}' contain substances which would be measured bj' 
the method of determining Paludrine. The first collection of urine and feces 
during treatment covered a period of 36 hours; subsequent collections were made 
at 24 hour intervals. Two rats, one on each dose of drug, were sacrificed at 12 
hours, 2 at 60 hours and 2 at 108 hours after the last treatment; e.xcreta were 
collected during these post-treatment periods. The amounts of Paludrine re- 
maining in the gastrointestinal tract and the concentrations in the various tissues 
were determined when the rats were sacrificed. 

The data on elimination of the drug in the excreta have been summarized in 
table 9. These show that from 30 to 40 per cent of the total dail}' dose of Palu- 


TABLE 9 

The excretion of Paludrine hy the rat 



UCU. OP 

' PER rrvT OP DAlLV DOSE OP 

PALUDRINE EtnONATED IN THE FECES 

PER CENT OP DAlLV DOSE OP 
PALUDRINE ELnnNATED IS TBZ URINE 

PER CENT OP 
TOTAL DOSE OF 

XATNO. 

, PALtmUKE 
INGESTED 
j DMiX 

1 . 
! During 1 

From 1st 36 hours 
to 14§ day 

! During 

1 * 

From 1st 36 hours 
to 14) day 

1 EXCRETED IN 

1 URINE AND 
\ TECESDUSINU 


1 

1 hours 


1 hours 

MmimumjMaxiromnjAverage 

14) DAY PERIOD 


Daily dose ~ 25 mgm. per kgm. 


1 

4.66 


27.4 

45.2 

38.8 

2.8 

1.2 

4.2 

2.3 

39.4 

2 

4.60 


25.9 

40.6 

33.7 

3.9 

1.0 

3.8 

2.7 

35.2 

3 

4.00 

19.7 

23.4 

46.4 

34.5 

1.2 

1.8 

3.1 

2.5 

35.8 




Daily dose 

= 50 mgm. per kgm. 




4 

9.50 

8.7 

12.3 

30.7 

22.7 


1 5.4 

10.5 

8.2 

29.6 

5 

9.30 

14.5 

28.6 

38.3 

34.0 

1.9 

Ibhw 

3.9 

2.2 

34.8 

6 

9.90 

21.5 

22.6 

37.7 

29.3 

1.5 

2.3 

4.8 

3.9 

32.5 


drine was eliminated in either urine or feces during the 14 days of treatment and 
the 12 hour interval immediately thereafter. Of this amount b}' far the greatest 
proportion was found in the feces. In 5 of 6 rats, urinary excretion accounted 
for only 2 to 4 per cent of the total dose whereas 29 to 39 per cent was present in 
the feces. In the sixth rat (4), a considerably larger quantity (S per cent) was 
eliminated in the urine; interestingly, fecal excretion of the drug in this animal 
Was comparably reduced. 

It will be noted that there were substantial variations in the dailj' excretion 
of Paludrine by individual rats. The factors controlling these variations have 
not been deteimined. It should also be noted that the proportions of drug 
eliminated in the feces were, if anything, less on the higher doses than on the 
lower doses. This observation was .surprising since one would expect to find 
proportionately more drug excreted at the higher doses if fecal elimination was 
primarily the result of incomplete absorption. Secretion of Paludrine into the 
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intestine has been considered as a possible factor in this result. Data presented 
in the following section will show that much secretion does occur. Its magnitude 
is not such, however, to account for alt of the drug recovered from the feces. 

Table 10 summarizes the data on the amounts of Paludrine which were ex- 
creted and the amounts which were foimd in the various tissues at different 
periods after termination of treatment. It is clear from these data that no more 
than 45 per cent of the total drug administered could be accounted for. Thus 
some 55 per cent or more must have imdergone metabolic alteration. 


TABLE 10 

Summary of data on the excretion of Paludrine and the concentration and rate of 
elimination of this drug in the tissues 




rta. CEKT OP TOTAL DOSB UCCOVZUS 

VtnC. PALCDIXMB TEL rCOC. TISSUE 

AT Toa or SAcamcE 



TOtAL 

D05X 

In nxise and feces 

From 

sastro- 

In- 

teatinal 

tract 

at 

autop97 

From 



1 





XAXKO. 

PAI.U« 

DUMB 

IK- 

Ihiiins 

treat- 

From 12 
to 60 
boon 
after 
end of 
treat- 
ment 

From 60 
tolOS 
hours 
after 
end of 
treat- 
ment 

urine, 

feces 

and 

gastro- 



Heart muKlo 




WWt9T1t 



plos 12 
hoora 

m- 

tesdoa] 

tract 

Brtlo 


Liver 

b 

S 

Spleen 



rntm. 













1 

65.2 

39.4 

— 


1.8 

41.2 


0.63 



0.31 

0.52 

("Sacrificed 12 

4 

133.0 

29.6 



9.5 

39.1 

0.52 

8.28 

4.32 

10.44 

4.21 

4.20 

1 hours after 

1 last dose of 
[p^udrine. 

3 

56.0 

35.8 

0.8 


0 

36.6 

0 

■ 


0 

9 

0 

Sacrificed 60 

6 

138.0 

32.5 

1.0 

1 

0 

33.5 



1 

0 

0 

0 

hours after 
last dose of 
paludrine. 

2 

64.4 

35.2 


0 

0 

36.5 



1 

0 

0 

0 

Sacrificed 108 

5 

130.2 

34.8 

1 

0 

0 

35.9 

1 

1 

1 

0 

0 

0 

hours after 
last dose of 
paludrine. 


The data in table 10 also show the rapidity with which Paludrine is eliminated 
from the tissues following termination of treatment. Tissue concentrations fell 
below detectable levels within a period of 60 hours. Some drug was found in 
the excreta in that interval but at later times (60-108 hours) none could be 
detected. 

P. Secretion of Paludrine inlo the intestine. Experiments were carried out to 
determine whether Paludrine is secreted directly into the intestine. Six mature 
rats were injected subcutaneously with the monohydrochloride, the dose being 
equivalent to 40 mgm. base per kgm. body weight. Animals were sacriEced 
J, 1, 3, 5, 8 and 24 hours later. The gastrointestinal tract was excised; the con- 
tents thereof were removed quantitatively, pooled ivith feces collected in the 
interim and the mixture ^vas analyzed for Paludrine content. The quantities 
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of drug found in the above inteirals ■svere respectively 0.9, 1.2, 2.5, 2.4, 3.4 and 3.3 
per cent of the amount injected. These data show conclusively that Paludrine 
is secreted into the intestine; as stated previously, they also show that this secre- 
tion accounts for only a small fraction of the drug eliminated from the intestine 
in the balance experiments described above. 

The question has been raised whether the Paludrine recovered from the in- 
testinal contents arises directly from intestinal secretion or whether it comes from 
the bile. Experiments with rats and dogs with biliary fistulae have shown that 
comparatively little of the compound is secreted in the bile, thus indicating 
direct secretion by the intestinal mucosa. Por example, in an experiment with 
a biliary fistula rat, which had received 17,600 y of Paludrine, subcutaneously, 
only 0.028 per cent of this dose (5 y) was recovered in the bile in a 6 hour period. 
In the same time 2.3 per cent (409 y) was recovered from the contents of the 
gastrointestinal tract. In an experiment with a biliary fistula dog, which had 
received460 mgm., intravenously, 0.2 j>er cent of the injected drug was recovered 
from the bile in a 4 hour period, 1.5 per cent from the gastrointestinal tract. 
It should be pointed out that the results of these experiments are in essential 
agreement with the independent observations of Spinks (10). 

C. Mcldbolic fate of Paivdrine. It is clear from data presented in other parte 
of this report that Paludrine must undergo extensive degradation in the animal 
body. Considerable attention has been given to the metabolic fate and site of 
metabolism of the drug in the rat. Unfortunately these studies have yielded 
nothing but negative results up to the present time. Summarized briefly, studies 
of the possible excretory products of the drug have failed to indicate the presence 
of either Paludrine conjugates or p-chloroaniline in urine and feces. In vitro 
studies designed to indicate the site of metabolism have failed to demonstrate 
any breakdown or conjugation of the drug when it is incubated with tissue slices 
or homogenates. Studies on the decomposition of Paludrine by intestinal 
bacteria have likewise given negative results. Further work is in progress. 

Disctrssiox. In assessing the potentialities of Paludrine it seems desirable to 
compare the pharmacological prop)erties of this compound with those of quin- 
acrine and its newer relative chloroquine. Such a comparison can be made with 
considerable facility for the latter antimalarials were studied in this laboratory 
intensively (16. 17) with essentially the same teclmiques as were used in the 
investigations of Paludrine described above. 

The relative acute to.xicities of Paludrine, chloroquine, and quinacrine vary 
considerably uith the e.xperimental animal. When administered to the mouse, 
either orally or intramuscularly, Paludrine is considerably more toxic than the 
other drugs; the difference amounts to 20 to 40 times when the compounds are 
given via the oral route. In the rat, however, the 3 drugs exhibit approximately 
the same acute oral toxicity. In the dog the acute intramuscular toxicity of 
Paludrine is f that of chloroquine and i that of quinacrine. In the monkey, 
Paludrine has approximately i the acute intramuscular toxicity of either of the 
other drugs. 
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The relative chronic toxicities of the 3 compounds also r-arj' with the experi- 
mental animal. In short-term studies in the mouse, Paludrine is approximately 
5 times as toxic as chloroquine and 10 times as toxic as quinacrine. In 60 day 
experiments in the rat, Paludrine has J the toxicity of the other drugs. In 
similar studies in the dog, the toxicities of Paludrine and chloroquine are about 
the same; both drugs have 2 to 4 times the toxicity of quinacrine. In the mon- 
key, Paludrine, chloroquine, and quinacrine have essentially equal to.xicity. 

It might be inferred from the foregoing comparison that on the basis of tox- 
icity Paludrine has nothing remarkable to offer over either chloroquine or 
quinacrine. Such a conclusion would probablj’ be correct if drugs were selected 
solely on the basis of fatal doses or doses which produce severe toxic reactions. 
It is well recognized, however, that when a drug is to be administered over long 
periods of time and with little or no professional supervision, as in suppression of 
malaria, the tjqie of toxic reaction induced by the compound is of gieat impor- 
tance in determining its clinical usefulness. It is necessar 3 q therefore, to com- 
pare the types of toxic reactions which are associated with the administration of 
Paludrine, chloroquine, and quinacrine. 

It has been stated repeatedly in this report that Paludrine exerts some effect 
on the gastrointestinal tract which leads to loss of appetite and ultimately to 
death via starv'ation. This effect on the digestive tract is the principal if not 
the sole manifestation of Paludrine into.xication. Quinacrine also affects the 
gastrointestinal tract, producing vomiting and severe diarrhea; however, it does 
not appear to inliibit appetite. This drug also produces a state of hyperirrit- 
abilitj’, severe liver pathology and at least microscopic lesions in the heart, 
spleen and kidney. Furthermore, it produces intense staining of the skin, a 
property not common to either chloroquine or Paludrine. Chloroquine produces 
tremors, eye symptoms suggestive of blurred vision, depression, generalized 
muscular weakness not associated with inanition, and low grade injurj' to the 
liver. Chloroquine appears to have less effect on the gastrointestinal tract than 
the other drugs. 

It is important to emphasize that the toxic reactions to Paludrine aie readily 
reversible even when intoxication is just sublethal. This is in marked contrast 
to findings in severe intoxications with either quinacrine or chloroquine. Re- 
covery is seldom complete in animals which have been severely' intoxicated with 
these latter drugs. Rats which have developed marked but not fatal toxemias 
during chloroquine or quinacrine administration frequently continue to decline 
after termination of treatment and succumb 7 to 10 daj's after last receiving 
drug. This result should be contrasted to the rapid recoverj' from Paludrine 
intoxication (cf. figure 1). 

This comparison of the toxemias induced bj' Paludrine, chloroquine, and 
quinacrine sugge.sts that Paludrine possesses 2 distinct advantages over the other 
drugs. These are: (1) limitation of toxic effects to the gastrointestinal tract 
(probabl.v the most easilj" detected of all toxic reactions); (2) the readj- reversi- 
bilitx" of severe intoxication.^. 
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It should be noted that there are significant differences between Paludrine 
and chloroquine or quinacrine with respect to the deposition of these drugs in the 
tissues and their retention after termination of treatment. Thus Paludrine is 
found in all tissues except blood plasma in much lower concentrations than 
chloroquine and quinacrine. For example in rats receiving 50 mgm. doses of 
Paludrine for 60 daj's, the levels in such organs as liver, spleen, lung and kidney 
vary between 2.5 and 5.0 mgm. per kgm. With similar treatment, the con- 
centrations of chloroquine range from 1,100 to 3,700 mgm. per kgm., while the 
concentrations of quinacrine range from 6,000 to 17,000 mgm. Except at lethal 
dose levels, Paludrine concentrations in blood plasma and other tissues do not 
increase with prolonged treatment; such increases are very marked with both 
chloroquine and quinacrine, particularly in tissues other than plasma. Elimina- 
tion of Paludrine from the tissues after termination of treatment is much 
more rapid than the elimination of chloroquine and quinacrine. Thus tissues 
are essentially free of Paludrine within 48 hours after the last dose is adminis- 
tered. In contrast to this from J to J of the chloroquine present at the end of 
treatment and from j to i of the quinacrine are retained in the tissues for at least 
a week after drug administration has been terminated. These characteristics of 
Paludrine may well constitute another advantage of this drug over chloroquine 
and quinacrine, since they should facilitate control or relief of such toxic reac- 
tions as do occur. 

The preceding discussion has suggested that by virtue of its pharmacological 
properties Paludrine has several advantages over chloroquine and quinacrine. 
Although it is not the province of this paper to discuss the management of human 
malaria, it should be noted that Paludrine also has certain advantages over 
chloroquine and quinacrine as an antimalarial agent. In the first place, Palu- 
drine has the unique characteristic among the 3 dmgs of functioning as a pro- 
ph 3 ’lacti(: against mosquito-induced falciparum infections; it e.xhibits this 
characteri-tic uhen a single dose of 25 mgm. is administered 3 to 5-daj's after 
infection (5). Second!}', Paludrine abolishes the clinical attack in \'ivax malaria 
in as small a total dose as 15 mgm. ; this is about iV the dose of chloroquine and 
35 the do=c of quinacrine which are required for the same infection (0). Thirdly, 
Paludrine will cure overt falciparum malaria at a dosage comparable to that of 
chloroquine and smaller than that of quinacrine (3, 5, 6). Finally, Paludrine 
effects routine suppression of either vivax or falciparum malaria at doses which 
arc slightly lower than tho=e of chloroquine and considerably loner than those 
of quinacrine (5, 8). Since, in all these attempted uses, Paludrine e.xhibits a 
greater .spread between effective and toxic doses than either chloroquine or 
quinacrine, Paludrine appear- to offer considerable promise as a generally useful 
antimalarial drug. 


SUMMARY 

An in^•e^tigation of the pharmacological properties of Paludrine has been 
carried out. This ha- included: (1) evaluation of acute and chronic to.xicities 
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in the mouse, rat, dog, and monkey; (2) investigation of absorption, excretion 
and tissue localization ; (3) explorations of pathways of metabolism. A summary 
of the results of this study follows. 

Wide variations in the acute toxicity of Paludrine for different animal species 
were noted. The mouse is the most susceptible of the experimental animals 
included in this study. The dog and monkey' are the least susceptible, while 
the rat occupies an intermediary position. There is an 8 to 20 fold difference 
between the acute toxicity of Paludrine for the mouse and that for the dog or 
monkey, the variation depending upon the route of administration. 

There are somewhat smaller variations in species susceptibility to the chronic 
toxicity' of Paludrine. The dog appears to be the most susceptible of the test 
animals; the mouse and monkey are next in order, while the rat is least 
susceptible. 

The symptoms of chronic Paludrine into.xieation in all 4 animal species are 
referrable to an as y'et undefined effect of the drug on the gastrointestinal tract. 
This effect results in almost complete loss of appetite leading to death via starva- 
tion. Thus far there has been no evidence of toxic effects of Paludrine on specific 
organs other than those of the enteric tract. Severe toxemias induced by Paln- 
drine are readily reversible when treatment is terminated. 

Absorption of Paludrine from the gastrointestinal tract is 70 to 90 per cent 
complete but is rather slow. The drug is localized in the tissues to a compara- 
tively slight degree. At low intakes there is little difference in the concentra- 
tions found in various organs and tissues, other than blood plasma. At higher 
doses, however, Paludrine accumulates in the liver to a greater extent than in 
other organs. There is some species difference in the deposition of Paludrine 
in the tissues, the organs of the dog or monkey containing considenibly' larger 
amounts of drug than organs of rats receiving comparable doses. Paludrine 
disappears from the tissues with e.xtreme rapidity when treatment is terminated. 

Only' a comparatively small fraction of the Paludrine ingested is eliminated in 
the urine. Since the dnig does not accumulate in the tissues, it has been inferred 
that it must undergo metabolic alteration. Thus far attempts to elucidate the 
metabolic fate of Paludrine have y'iclded negative results. 

The pharmacological properties of Paludrine have been compared with those 
of chloroquine and quinacrine and some of the possible ad\ antagcs of Paludrine 
have been indicated. 
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An examination of the pharmacologj' of the N-alkyl homologues of epinephrine 
as described by Konzett (1) ndll reveal that several of these compounds possess 
important bronchodilator activity. In a series of e.xperiments carried out in 
this Laboratory, six compounds having a catechol group have been investigated 
as broncholytic agents in an effort to evaluate theii' relative effectiveness as 
antiasthmatics, and to attempt some correlation of their bronchodilator activity 
with their chemical structure. In this communication, we have described the 
results obtained nith these compounds in histamine-induced broncho-con- 
striction in guinea pigs. 

Method. The fact that inhalation of a histamine solution as a finely dispersed mist 
easily induces bronchial asthma in guinea pigs, which can be lessened in severity by various 
antihistaminic agents, has been discussed at length by Kallos and Page! (2) , Scbaumann (3), 
Neely (4), and subsequent investigators. In this series of experiments, a modification of 
the method described by Schaumann (3), v. Issekutz (5), and Loew (6), was used to induce 
experimental histamine asthma. Healthy guinea pigs, selected at random, weighing from 
250 to 350 grams, were confined singly in a glass chamber of about four liters capacity. The 
cover of the chamber (a screw-on cap about ten centimeters in diameter) was provided with 
two openings, one of about two centimeters in diameter through which the histamine mist 
was blown, and a much smaller opening through which the excess escaped, thereby keeping 
the concentration of mist in the chamber more or less constant and also providing for cir- 
culation. A finely atomized mist of 0.2 per cent histamine diphosphate solution, as pro- 
duced by a standard commercial model nebulizer, was blown into the chamber. It was 
found that approximately 300 mm. Hg. air pressure was necessary to produce a satisfactory 
concentration of histamine mist. A diagram of the apparatus is shown in figure 1. 

Results were recorded as minutes and hundredths, in two columns : ONSET and DURA- 
TION. ONSET equalled the time necessary to produce prominent symptoms, namely, 
the increase in respiratory frequency, forced inspiration etc., whereas DURATION rep- 
resents the total time from e.xposure until asphyxia! convulsions or collapse were produced. 
Following the control e.xposure, all guinea pigs were permitted to recover and rest over a 
two to four hour period. At the end of this time they were injected intraperitoneally with 
the compound under test, and fifteen minutes later subjected to the histamine mist again. 
Times were recorded as in the control tests. All animals e.xposed to the mist for six minutes 
or longer without evidencing symptoms were arbitrarily considered fully protected. This 
figure was chosen after preliminary tests indicated that asthmatic symptoms and collapse 
could be induced in all but rare individuals within two minutes. The few animals that 
required appreciably longer to evince sj-mptoms were discarded. The procedure described 
has not only the advantages of permitting careful individual observations, and direct com- 
parison of effects in each am’mal, but also conserves theanimals for future use. As has been 
indicated bj' Kallos and Pagcl (2) and Rntncr (7), when given sufficient rest (3 to 4 days) 
between experiments, the guinea pigs did not seem to develop any tolerance or diminished 
sensitivity toward either the histamine or the compounds tested. 
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Results. The six compounds tested in this series of experiments were the 
primary amine l-(3',4'-dihydro.xyphenyl)-2-aminoethanol (nor-epinephrine) and 
the N-methyl (epinephrine) ; the N-ethyl; the N-isopropyl (Isuprel) ; the N-sec. 
butyl homologues along with the isopropyl homologue of l-(3',4'-dihydrox3^“ 
phenyl)-2-aminoethane. Results obtained are shown in table 1. From these 
data it can be readily seen that Isuprel is the most effective bronchodilator in 
histamine-induced asthma, e.xceeding the activity of all other compounds. This 
action seems to be optimal with the N-isopropyl homologue, as can be seen by 
comparing the activity of the compounds in order from the primary amine to the 
N-sec. butyl homologue. An e.xamination of the results obtained with com- 



Fig. 1. Schematic DiAOBAif OF Avpahatus Employed IN 
Histaotne-Ikduced Asthma in Guinea Pigs 


pound 0-4, 1554 seem to indicate that the alcoholic hydroxyl on the beta-carbon 
is also important for the broncholytic action described here. 

A series of lung perfusion experiments were carried out by the method of Sollman 
and von Oettingen as modified by Thornton (8) and the data obtained are listed 
in table 2. Both Isuprel and 0-4, 1424 produce responses greater than epineph- 
rine; while nor-epinephrine is distinctly less active being approximately equal 
to 0-4, 1654. With the latter compound, the loss of thehj'droxyl group on the 
beta-carbon causes a significant decrease in bronchodilator activity, thereby 
indicating the importance of this radicle. 

In a few experiments, guinea pigs were sensitized to horse serum and, after a 
suitable interval, these animals were killed and their lungs perfused, using horse 
scrum as the constrictor agent. The results obtained are shown in table 3. 

The data presented fall into the same general pattern as established by the 
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BrondiodUaior action of five homologues of epinephrine in histamine-induced asthma in 
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TABLE 2 


Bronchodilator action of five homologues of epinephrine against histamine in perfused guinea 

pig lungs 
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t l-epinephrine \ras used throughout the experiments. The other compounds were 
racemic. 
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previous results. Although only three of the six compounds were tested, it 
would appear that the bronchodilator efficiency is of an ascending order again 
corresponding directly to the size of the N-alkyl group with Isuprel being the 
most effective. It may he inferred from the previous data that the remaining 
three compounds would demonstrate activity according to their specific char- 
acteristics and hence take their respective places in the activity scale. 

Figure 2 represents graphically the results obtained in the histamine-induced 
asthma studies. The progressive increase of aetivitj' to the right is readily seen. 
The order of effectiveness of the compounds is according to the size of their 
respective N-alkyl groups, with the exception of 0-4, 1554 winch is placed first 

TABLE 3 


Bronchodilator activity of three sympathomimetic amines in bronchial constriction produced by 
horse serum in sensitized perfused guinea pig lungs 
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each case. 


because of its low activity. The absence of the alcoholic hydroxyl in 0-4, 1554, 
the remainder of the molecule being identical with the most active member of 
the series, therefore assumes considerable importance. The apparent dis- 
crepancy between the relative actmty of epinephrine and 0-4, 1516 is not readily 
explainable as the increase in size of the N-alkyl group would lead one to assume 
a significant superiority of the N-ethyl over epinephrine. The last bar on the 
graph illustrates the activity of groups larger than isopropyl, 0-4, 1424 being the 
N-sec. butyl homologue of epinephrine. The isopropyl member of the series 
exceeds the otliers in broncholj'tic activity by a considerable margin, its onset 
time e.xcecding the duration time of both epinephrine and 0-4, 1516. 

The comparative toxicity of the compounds was determined by intraperitoncal 
injection into albino mice. All the animals were from our own colony and housed 
under conditions of constant temperature and humidity. The mice weighed 
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from fifteen to twenty-two grams and were observed for seventy-two hours 
following injection. Only the L.D. 50 results are given in table 1. .The toxicity 
of the N-isopropyl homologue (Isuprel) is slightly greater than that of the N-sec. 
butyl (0-4, 1424) and the ethane derivative (0-4, 1554). All three of thesecom- 
poiinds are remarkably' low in toxicity but it can be seen that toxicity' does not 
correspond directly' with broncholytic activity' as the marked difference between 
the first three compounds and the latter three demonstrate. From the data 
shown here, it would seem that an important faetor for low toxicity lies in the 



Fio. 2. ANTiASTHstATic AcTiviTr OF Five Homoeogoes of Epinephrine 


Time is expressed in minutes. Time for both control and experimental results is meas- 
ured from zero. Left hand columns represent ONSET times, right hand column represents 
DURATION. All drugs were given intraperitoneally fifteen minutes prior to histamine 
mist e.xposure. Results were recorded as described under “hlethod”. 


branching of the alkyl group attached to the nitrogen, a characteristic common 
to the last three compounds in the table. 

Discussion. While many workers, including Kallos and Pagel (2), Schau- 
mann (3), v. Issekutz (5), and Loew (0), have described the effects of a wide 
variety' of compounds in histamine-induced asthma, it was Konzett (1) who 
first described the broncholy'tic activity' of the X-alkyl homologues of epinephrine 
in detail. Although Konzett (1) states that the isopropyl homologue has ap- 
proximately ten time the effectiveness of epinephrine as a bronchodilator in 
anesthetized dogs, our data on histamine asthma in guinea pigs do not indicate 
so large a difference. However, the isopropyl homologue is clearly superior in 
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bronchodilator actmty to an5' other member of the series. From the data 
gathered ia this group of e.xperiments (tables 1 and 3), it seems that the alcoholic 
hydro.vyl on the beta-carbon of the side chain, and an alkj'l on the nitrogen, is 
important for bronchodilator actimtj' of these compounds. It is noteworthy 
that the only member of the series not possessing the alcoholic hydro.xjd is also 
the weakest in activity. The result of the removal of the OH group (0-4, 
1554), as well as the X-alkjd, as in nor-epinephrine, therefore indicates that both 
of these groups contribute to the nature as well as the degree of the pharmaco- 
logic activity. 

IITule the N-ethjd homologue (0-4, 1516) is approximately as effective as 
epinephrine, the sudden pronounced increase in activity with the addition of 
one more carbon to the Is-alkyl chain, can only be e.xplained by the branching 
of the chain since Konzett (1) has reported the K-n. propyl homologue to be 
very weak. However, the N-sec. butyl (0-4, 1424) does not show an increased 
activity over the N-isopropyl as might be axpected. It may be inferred there- 
fore that the N-allg’l group acts as a haptophore for a highly selective receptor 
mechanism. Compounds bearing groups that correspond closely to the optimal 
haptophore (in this case N-isopropyl), elicit responses proportionate to their 
degree of similarity. This suggests there are definite structural requirements 
for bronchodilation comparable to those which have been described as essential 
for vasomotor effects. 


sxmsuBr 

1. The bronch-’dilator effect of five homologues of epinephrine is described. 

2. The N-isopropyl homologue, l-(3', 4'-dihydro.xj'phenyl)-2-isopropylamino- 
ethanol, was found to be the most effective bronchodilator. The removal of 
the alcoholic hj'droxj'l from the beta-carbon, to form l-(3', 4'-dihydroxyphenyl)- 
2-aminoethane, resulted in a verj’ great reduction in activity. 

3. The branching of the N-alkyl group appears to markedly reduce toxicity. 

4. The structural requirements important for effective bronchodilator activity 
are discussed. 
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Following the observation that phenyl thiourea has a high acute toxicity to the 
Norway rat (1), a systematic investigation was undertaken in this laboratory, 
with the purpose of finding some related compound which would serve as a 
practical rodenticide. Such a substance was found, namely alpha-(or 1-) 
naphthyl thiourea (ANTU) (2), which has proved ver 3 '^ efficacious as a field 
poison for Norwaj' rats. The present report summarizes the toxicity data ob- 
tained in the course of the screening, which was first performed with laboratory 
rats and later extended to recently trapped wild Norway rats. 

Materials and methods. None of the compounds used was synthesized in this labora- 
tory: of the 196 compounds here reported, 127 came from E. I. du Pont de Nemours and 
Company, 30 from the American C 3 ''anamid Companj', and the remainder from various other 
sources, as noted in the tables. These compounds were used as received: they were not 
recrystallized and no attempt was made to evaluate their purity. Most of the samples were 
crystalline powders, notable exceptions being thioformamide and some of the aromatic 
amines. 

The 850 adult wild Norway rats on which data are included in the tables were trapped 
for us by the Baltimore Citj' Rodent Control Office. Each substance was administered to 
them according to a standardized technique, reported elsewhere (3): unanesthetized ani- 
mals, restrained in a “sock”, received doses of the various substances, suspended (or dis- 
solved) bj' mortaring in a 10% solution of gum acacia in water. The dose was given through 
a metal stomach tube in a total volume graduated to the rat’s body weight. The rats re- 
ceived no food the night before dosing; their regular diet of purina fox chow was returned 
to them after poisoning. In general, any rats which had not died within 4 to 7 daj's were 
discarded and counted as survivors. 

Autopsies Were performed on all animals which died , Everj- effort was made to use onlj' 
healthy specimens; owing, however, to the relatively high incidence of pathologic condi- 
tions in wild rats, autopsj-occasionallj- revealed evidence of disease sufficient to have caused 
death or at least extreme debilitation. Data on such rats are not included in the tabulated 
values. To get around the difficulties inherent in the possibilitj- that a whole group of rats 
might prove to be in poor physical condition, no more than 4 of the wild rats used in the 
assaj- of any given compound were dosed on the same day . The rats were used as they came, 
without regard to sex, but in general there were both males and females in eacli assaj-. 

The 7S9 adult domestic Nonvay rats came from various sources and had occasionally 
been previously used for other purposes n Inch in no way interfered with their susceptibilit j- 
to drugs. Administration of the compounds was in most cases by stomach tube in propj'l- 
cne glj-col, although sometimes the intraperitoncal route was used. The food provided for 
these rats was usually purina fox chow. 


* Started under a contract recommended bj- the Committee on Medical Research between 
the Office of Scientific Research and Development and The Johns Hopkins Universitj* and 
continued under a contract between the Medical Division, Chemical Corps, U. S. Armj*, 
and The Johns Hopkins University. 
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The domestic rat assays were performed by several different people, over a period of three 
years, while the wild rat assays were done almost without exception by one person, and 
later checked by one other person, during the months May 1946 to January 1947. 

Arrangement of the tables. The various compounds’ are grouped into tables according to 
their chemical structures, beginning with those substances most closely related to thiourea 
and proceeding through compounds which by successive substitutions contain less and less 
of the full thiourea configuration. Tables 5 and 6 contain miscellaneous compounds which 
were available for assay but which bear no particular structural relation to thiourea. 

Under each subdivision of a table the compoimds are listed in order of decreasing toxicity 
to wild Norway rats (increasing LDSO’s or acute median lethal doses), or of decreasing 
toxicity to domestic rats if no wild rat assays were made. The samples available were 
frequently small and therefore some assays are not as complete as we should have preferred. 

Unless an assay on domestic rats had been performed previously, giving an indication of 
the dose range to be tried, each assay on wild rats was begun with four rats at 100 mgm./ 
kgm., and if none of these rats died no further tests were usually made. A notation in the 
IfD50 column of 100+ corresponds to this result. 

The number of rats included in each assay was not in general large enough to justify 
computation of statistical limits of error; standard errors will therefore be found only for a 
few compounds (in table 1). These standard errors were estimated by the method of 
Litchfield and Fertig (4), using logarithmic-probit graph paper. No attempt was made to 
calculate a standard error unless data on at least 12 rats fell between probits 4 and 6. In 
all other cases, therefore, the accuracy can be judged only by the relative number of rats 
used. UDSO’s followed by a question mark are considered to be relatively less accurate 
than the number of rats used would otherwise indicate. A minus sign as occasionally used 
before an LDSO for domestic rats indicates that the dose listed was the lowest given and 
killed more than 50% of the animals. 

Results. Table 1 lists the to.xiclties of 29 compounds (including thiourea 
itself) which contain the thioureido grouping; in which only a single hydrogen of 
the thiourea molecule is replaced bj^ a substituent. Of this number 12 proved to 
have LDSO values for wild Norway rats below 100 mgm./kgm., and of these 11 
contained a benzene ring directlj' attached to the thioureido radical. Each of 
these compounds which was assayed on domestic rats was toxic to them as well, 
but in addition thiourea itself and two aliphatic derivatives were to.xic to domes- 
tic rats although relatively nontoxic to the wild rats. 

Table 2 includes 40 disubstituted thioureas, all of which contain the thiourey- 
lene grouping either in straight chain or as part of a five or six membered ring. 
None of these compounds exhibited high toxicity either to wild or domestic rats: 
the most toxic were N-n-butyl-N'-phenyl thiourea and 5-chloro-2(3)-benzi- 
midazolethione, each of which had an LDSO of 150 mgm./kgm. 

Table 3 contains 7 compounds in which 2, 3 or 4 of the hydrogens of thiourea 
have been replaced by substituent.s. Only wild rat assays were performed on 
these substances, and none proved to have high toxicity. 

Table 4 shows the results obtained with 5 thiopseudoureas (isothioureas), 
7 guanidines, 12 thioamidcs, and 11 thiazolo derivatives. The thiopseudoureas 

’ An effort has been made in naming the compnunds to use a consistent sj-stem and one 
which is in accordance with the principles outlined in the 1945 index to Chemical Abstracts. 
In table 1, the N- which should precede most individual names has been omitted to save 
space, ns has the N ,N'- in t.able 2. 
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of necessity no longer contain a sulfur atom doubly boimd to a carbon, and may 
be considered as thioureas which have been forced to remain in the thioenol form 
by^ virtue of substitution on the sulfur atom. Again none of these compounds 

TABLE 1 
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A» Parent Compound 







Thiourea (&c ref (5J) 

NHiCSNHi 

SI 

1S30 


1.25 to CIO 


B K^AVeyl Thtoureaa 







ethyl thiourea 

CH,CH, NHCSNH, 

K 

lOO 

8 

— 


Acetyl thiourea 

' CHiCO NHCSNH* 

EK 

10O+ 

8 

50 

4 

4-Morphohiiylmethyl thiourea 

i (C<HiNO)CH. NHCSNH. 

CY 

100+ 


— 


n*Sutyl thiourea 

1 CHitCH,), NHCSNH, 

CY 

200+ 

mm 

— 


AUyl thiourea 

1 CHi CHCHi NHCSNHi 

DP 

300+ 

■1 

200 

10 

liropropy] thiourea 

(CahCH-NHCSNH. 

K 

300+ 


500 

mm 

Methyl thiourea 

CHrNHCSNH* 

EK 

500+ 


+50 


ti'Lauryl thiotxrea 

CH.(CH,)u NHCSNH, 

DP 

1000+ 

■9 

lOOO 


C. N-Aryl Thumrec* 







S^blorophenyl thiourea 

C1C.H.- NHCSNH, 

M 

4.6 ±;0 4 

24 

— 


o*To1yl thiourea 

1 CHfCcEi-NHCSNHt 

DP 

5 2d; 0.7 

27 

1.5 

12 

2«Methy]. 3-chloropheny 1 thiourea 

cafcijcm, NHCSNH, 

DP 1 

63d; 1.1 

17 

6 

9 

1-NaphthyI thiourea {ANTU) 

CifH, NHCSNH, 

DP 

6 6d:0 5 

50 

2 6d:D 5 

51 

o>Bipbetiyl thiourea (vtM t(l% 

1 






biphenyl) 

cmicm, NHCSNH, 

DP 

8 5,b0.8 

17 

10 0 ± 0 9 

29 

Fhen>l thiourea 

C«H| NHCSNH* 

El 

8 6d;0 6 

30 

3 1±0 7 

15 

4*ChIorophenyl thiourea 

C1C*H* NHCSNH* 

M 

15 

16 

— 1 


S-Chloraphenyl thiourea 

acm, NHCSNH, 

M 

25 

12 

— 1 


4*Brt>mophenyl thiourea 

BrC*H« NHCSNH* 

CY 

50 

8 

— 1 


2>Naphtbyl thiourea 

ChHt NHCSNH, 

DP 

50 

7 

' SO? 

15 

^'^lethozypbenyl thiourea (cru<f«l 

CHiOCiH* NFCSNHj 

B 

' 75 

' 12 

— 


Xenyl thiourea 

CiHiC^Ht NHCSNH* 

DP 

I 100’ 

22 

100’ 

9 

4.4*>BjpheDyJeDe bis(thiourea) 

NHiCSNH C(H<CfH< 

1 






NHCSNH, 

DP 

200 

12 

+250 

' 6 

2, S^Dichlorophenyl thiourea 

ChC^j NHCSNH, 

DP 

300 

1 9 ' 

523 

t 

2 Methcxj-plJenyl thiourea 

CaiOC<Hi NHCSNH, 

B 

300+ 

1 7 

— 


TetrahydrO'2 aaphth>l thiourea 

Cx.Hii NHCSNH, 

DP 

— 


' 750’ 

6 

D Other Singly N-SubtlUuted 




1 



Thiourtat 







Dithiobiuret 

NHiCS NHCSNH, 

CY 

15 

15 

-5 

10 

Benzoylguanj 1 thiourea 

C*HiC( 0)NHC( NHl , 







NHCSNH, 1 

CY 

100+ 

4 

' — 


Phenj Ithioureylene thiourea 

C*HiNHCSNH 1 







NHCSNH* i 

CY 

100+ 

4 

— 


Pben j 1 dithiobiuret 

CiHiNHCS NHCSNH, , 

DP 

500+ 

5 

j 250 

6 


• B “ Dr A. F. Blakcalee, CY .Amencan Cjnnamid Company, DP -El du Pont do Nemoura and 

Company, El - Elmer d. Amend, EE “Eastman Kodat Companj K - Dr J C Krantz, Jr , M — 3Ierct A Com- 

pany, Inc 


exhibited high to.xicity. The same is presumably true of the guanidines, in which 
the doubly bound sulfur of thiourea has been replaced by an imido group. On 
the other hand the thioanude classification, in uhich one complete amino group 
of the thiourea structure is missing, provided three compounds -nhich killed uild 
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TABLE 2 

SymmelHcally disubstiluled thiourea derivalhes 


(All contain thioureylene grouping. — NHCSNH==) 


KAVZ 

yoBaruuv 

SOUSCE* 

WHJ) NORWAY 
RATS 

. 

DOSIESTIC RATS 

LD 50 

No. 

used 

LD 50 

No 

used 




rfsm 1 


mgm / 





kgm. 


kgm. 


A. K,N'»Dialf ifl Thuntress 







Di-n*but>l thiourea 

CH.(CH:)i NHCSXH (CHj).- 







CHi 

DP 

350 

S 

1500+ 

6 

I>i i$oprop>l thiourea 

(CHi),CH NHCSXH CH- 







(CHi). 

DP 

500 

6 

450 

24 

Di-allj-l thiourea 

CHt CHCHi NHCSNH CH*. 







CH.CHt 

CY 

500+ 

4 

— 


I>i-cyclobcxyl thiourea 

CiHii-NHCSNH-CeHii 

DP 

50(H- 

4 

1500+ 

I 6 

Di 2-metbyIcycIohexyl thiourea 

CHiOHi. NHCSNH-CiHi^ 





1 


CHi 

DP 

500+ 

4 

1500+ 

> 6 

Polyhexamethyleae thiourea 

(*NHCSNH‘(CH,).)x 

DP 

500+ 

4 

1500+ 

6 

Di'isobutyl thiourea 

CH,CH.CH(CHi) XHCSNH- 







CH(CHj)CHiCHi 

DP 

soo 

7 

1000+ 

' 6 

Di-octadecyl thiourea 

CHi(CHi)it N’HCSNH 







(CH!).jCHi 

DP 

— 


500+ 

4 

Di-laurj 1 thiourea 

CHi{CHi)u NHCSNH-(CHi)i, 







CH< 

DP 

— 


1500+ 

4 

AUyl dodecyl thiourea 

CH. CHCH. NHCSNH- 



i 




(CHi}iiCHi 

DP 

— 

1 

1500+ 

6 

B, K-AlkvhN’Aryl TAiaureat 




1 



2-Hydft^ ethyl 4-ethoxyphenyI 

CHiCHiOCtH, XHCSNH- 






thiourea 

CHiCHjOH 

B 


4 



p>Phenyleae bis(al]yl thiourea) 

CH. CHCH. NHCSNH C,H, 







NHCSNH-CHAJH CH. 

B 1 

100+ 

4 



n-Butyl phcny’l thioureia 

CH.(CH.). NHCSNH C.H. 

CY. B 1 

150 

12 



Lauryl phenyl thiourea 

CH.(CH.)u- NHCSNH (XHi 

CY 1 

300+ 

3 



AUyl pheajl thiourea 

CH. CHCH. NHCSNH C.H. 

DP 

750 

8 i 

1200? , 

6 

AUyl p-tolyl thiourea 

CHi CHCHj NHCSNH C*H»- 

DP 

— 


900> i 

9 


CHi 






2*Hy'droxy etby 1 phenyl thiourea 

HOCHiCHj NHCSNH- C*H» 

DP 

— 


J500+j 

4 

' AUyl 4'Nitrophenyl thiourea 

CH* CHGHt NHCSNH CtH*- 

DP 

— 


1500+1 

4 


NOi 






C. !f,N'‘Diaryl TAioureai 







Phenyl O'tolyl thiourea 

C.Hi NHCSNH C.H.CH. 

B 

100+, 

4 

— 


Di>m*toIyl thiourea 

CHiCiHi NHCSNH CiH«CH» 

B 

100+ 

4 

— , 


Phenyl I-naphtbjl thiourea 

C4Hi NHCSNH CwHt 

CY 

100+ 

4 

< 


4-Elboxypheayl 4*(2*dii3iethyl ami- 

CHiCHiOC«H«-NHCSNH Ci- 

B 

100+ 

6 

— 


Doethoxy pheny 1} thiourea 

H40(CHj)iN(CHi)j 






Hy drochloride of preceding com- 

CHiCHiOCiHe NHCSNH Ct- 

B 

100+, 

4 

— 


pound 

H«0(CH»)rN(CHj)» HCl 






p-Pheny leno bis(pheny 1 thiourea) 

C*Hi NHCSNH C*H4 NHCS- 

B 

100+ 

4 

— 



NH CiH» 






Di-2-chlorDphcD j 1 thiourea 

ClCiH* NHCSNH C*H»Cl 

M 

200+ 

4 

— 


Di-3-chioropbeny 1 thiourea 

aC«H4 NHCSNH CiH^Cl 

21 

200+ 

4 

— 


Di-4-chloropheayl thiourea 

CIC*H« NHCSNH CtHiCl 

il 

200+ 

4 

— 


Di-(2-nietbox% , 5-roethj Iphenyl) 

CHiO(CHi)C4H» NHCSNH Ci 

- B 

500+? 

12 

— 


thiourea 

HiCCH40CH» 






Di-l-naphthyl thiourea 

CiiII. NHCSNH C..U. 

DP 

1500+ 

3 

1500+ 

9 

Dt-2-naphlhyl thiourea 

Cj.Hr NHCSNH CiiUr 

DP 

2000+ 

4 

2000+ 

10 

Di*o-toljl thioum 

CHiC^iHi NHCbNH CiH.CH* 

DP, B 

2000+ 

7 

2000+ 

5 

Thiocarbamlidc 

C.H. NHCSNH C.Hi 

DP, EIv 

2000+ 

7 

1500+ 

6 

Di-4 Suoroi'beny! thiourea 

FCiH. NHC&NH C4lI«F 

DP 

— 


1500+ 

G 

Di-S tnfluororocihjlpbenyl thioure 

a FiCCtHi NHCSMI CtlliCFi 

DP 

1 

— 


15CO+ 

5 














264 


S. H. DIEKE, G. S. AU.EN AND C. P. RICHTER 


TABLE 2 — Continued 


VKUZ 

rounriA 

SOUXCE* 

WILDNOXWAT 

SATS 

DoursncsATS 


1 


ID 50 

No 

used 

ID 50 1 

No 

used 




rixm / 
itff* 


mtn 1 
ktm 

■ 

D Compound# trttA Thumrtyltnt Groups 
xng 0 # Port 0 / 0 Jixng 






■ 

2 Izmdaeolidmethione (Ethylene 
thiourea) 

CHi NHCSNH CH» 

1 1 

1 CY 

1 

100+ 

3 

— 

■ 

5-ChIoro2(3) benxunidaxolethione 

aCiHi NHC^SNH 
u - - - « 

M 

150 

7 

! “ 

■ 

2-Tluouracil 

CH CH NHCSNH CO 

1 i 

L 

1000+ 

24 

■ 2000+ 

1 


E Othtr N,N*-Disubahtuttd Thtoureaa 






1 4 

o>TolyI thiosemicarbazide 

CHiChHi NHCSNH NH,(?) 

CY 

200 

11 

— 


Di 2 pyndyl thiourea 

(CiHiN) NHCSNH (CiHiN) 

CY 

200+ 

8 

— 


Di phenyl thiocarbazide 

' CtHiNH NHCSNH NHCsHi 

1 

DP 

1500 

4 

1500+ 

4 


• B « Dr A F Blalealee, CY =■ American Cyanaimd Company, DP ■■ E I dn Pont do Nemours and Com* 
pany, EK »=• Eastman Kodak Company, L Lederle Laboratoneo, Inc , SI Sfcrck and Companj , Inc 


TABLES 

Other thiourea derivatives 
(All contain thiourea nucleus: ==NCSN==) 


t^AUX 

roavcxA 

» 

e 

M 

P 

s 

WILD KOKWAY 
LAYS 

DOUSSnC LAYS 

ID 50 

No 

used 

ID SO 

No 

used 




rtgm 1 


mim / 





ktm 


kgm 


A DivaUni St/isiiiuenl on One Nt 

1 






tTogen 







Ethybdene thiourea 

CHiCH NCSNH* , 

cc 

100+ 

< 

— 


B Tko Siibaitiutnti on Same Nttro- 







gen N,N>Di benzyl thiourea 

(C<H»CHi)tNCSNHj 

CY 

100+ 

4 

— 


C N,N,N*‘Tnei^tUMUd Thiourtat 







Di ethyl cj'clohozyl thiourea 

CCHiCHrJiNCSNHCiHu 

V 


4 

1 — 


Di-ethyl phenj 1 thiourea 

(CHiCHjJiNCSNHCiHi 

V 


3 

1 _ 


D N,N,N\N’,‘Telrasvbtt\tuted 





! 


Tkxouieaa 







3 (Dimetbjlthiocarbamjl) 2(3)> 

C.HiSC{ S)NC( S)N(CHi)i 

' V 

■nSS 

4 

— 


benzothiazolethione 







3-(DietbjItbiocarbamjl) 2(3)> 

CrErSCt S)NCC S)N(CHiCHi): 

V 

■ESI 

4 

— 


benzothiazoletbione 







3 (DiethylthiocarbamyD.C- 

CHiC.HiSC( S)NC( S)N(CHiCHi)i 

V 

ESE9, 

4 



zncthjl 2(3} benzotbiozolethi- 






one 








• CC ■» Carbide and Carbon Chemicals Corporation, CV ■» Anjcrjcan Cjaaaraid Companj, \ ■» R T Vander- 
bilt Company 


Norn ays in doses less than 100 mgin /kgm., namely phenylthioacetainorpholide, 

3- C3’clohe\ene thiocarbo\amide and l-naphthjd thioacetamide 

Two thiazolines likewise proved to ha\e high tOMcitj’: thej’ were 2-mercapto- 

4- ethj‘l-thiazoline and 2-merc3pto-4,4-dimethj’l-thiazohne. 

Of the 15 miscellaneous compounds listed in table 5, tw o of those tested on 





























TABLE 4 

Compounds siruciuriUttf rfliUed to Thiourea 




orsci* 

HD KOBWAY 
BATS 

poiasnc 

&A7S 



■ 

B 


■ 

7o* 

jsed 



f 

ntm.J 

kim. 


nsm./ 

kgm. 


A. Thiopuviounat l,I$et)ti<nirevi) 

(All contain =NC(-S-->;N-- 
groMpuag) 


:r 





S‘(2'Bensothi&zoIylmetbyl]'Nf 
N-<U«thyI tUopeeudouTM hy- 
drocldotidc 

C.H.SC;NCH^(:NH)N(OHtCH.)i' 

1 .1 

HCI 

100+ 

4 



Benjryl ttuopaeudoures liydro<> 

C.H.caSC(.NH)NHiPCl 

5P 

150 

12 

500? 

4 

chloride 


3P 





4-Nilroben#yl thiopseudourca 
hydrochloride 

NO,CiHiCH£0(:NH)NB>-HCI 

300 

8 

500? 

4 

Methyl thiopeeudoureaeulfata 

CBiSC(: NH)NaBKOi 


800 

7 

WO-h 

6 

S-Mcthyl, N,N'-diphenyl thio- 

CH,SC(: NCtHONHCifi* 

DP 

1500+ 

4 

1500+ 

5 

pseudourca 

B. Gvanidin44 (AU contain =NC- 
(; N B )NH— grou ping) 

1CHS)^:;HCI:KH)NHCN 

DY 





li-lDitiuocy*nomelljy'leae')-3- 

t«i+ 

A 

~ 


cyasoguanidine 

NH.NHC{:NH)NH, H<SOi 

DP 





Aminognanidme sulfate 

200+ 

4 

-500 

2 

liS'Diphanyl guanidine 

C.H.NBC(; NH)NHC.B. 

DP 

— 


500 

7 

1,3-Di'O'toIyl guanidine 

CH,CtaNHC(: NH)NBaH.Cn, 

DP 

— 


500 

6 

Kitroguanidlne 

NHiC(;NH)NHNOa(?) 

DP 

•— 


500+ 

2 

Tripbcnyl gusoidme 

C.H.NHC(.NH)N(C«H<)« 

DP 

— 


750? 

4 

Carbamylguanidioe sulfate 

NHiO(: NH)NHCONHrH.SO. 

DP 

— 


500+ 

2 

C. Thioamiiei, tie. (AU contain 
=NC(; S)~ grouping) 

C.HiCH.C(:S)NCHiCBiO'?aiCHi 






PbeoylthioaeetomorphoUda 

A 

50 

7 

~ 


S-Cyclohexene thiocarbotamida 

CH.CH.CH:CHCHiCBCSNHi 

CC 

50 

12 

- 


I'Kaphthyl thioacetamide 

CuHrCHtCSNHi 

cv 

CO 


— 


3,3'*Thio'bis(tbiopropioDamtde) 

(NHiCSCHtCH*)tS 

CC 

100+ 

4 

_ 


Thioformasride (Teck > 

HCSNHj 

M 

10O+ 

4 

— 


K,N'-Dipheay!guanyl thioear- 

CtHiNH (C#HiN:)CCSNHi 

CY 

100+ 

4 

— 


boxamide 


CY 





4>Bromo-tUoformaaiUde 

BrCtH«NHC(:S)H 

100+ 

3 

_ 


4^bl<»t>>\Vuobeniaxnide 

C\C«HiCSSH» 

CY 

IM+ 

< 

— 


Pbenylthiocarbamate 

C^HiOCSNH* 

CY 

100+ 

3 

— 


ThioacetaniUde 

CiHiNSCSCH, 

CY 

100+ 

4 

— 


Ditbiooxamide 

NHiCSCSNHf 

EK 

200+ 

le 



Thxoacetasiide 

CmCSNH* 

EK 

500+ 

s 

— 


D. TiiaioUt.ete. (AU contain ~N: 
C(‘S — grouping except one 
leothiaxole with~SN:C=^) 







2*Mercapto-4-ethyl-tldaroUne 

CHiCHiCHCHt5C(SH>: N 

CY 

as 

16 



?>3(ercspto-4.4-dimethy!*tbiuO' 

(CHi)*CCH*SC(8H):N 


40 

6 

— 


line 







SJ’JIcrcapto^.SKlinjethyl-thjazo- 

line 

<CHi)*CSC(SH).NCHt 

cv 

100+ 

4 

- 


2-MtlTapU>-b«iiotldittole 

C,HiSClSH):N 

CY. Dp 

lOOd 

' 5 

500+ 

5 

Z-Mercapto-S.C-dibydm-l.S.^' 

thiaiioo 

CnK:H»CH*SC(SH>:N 

‘ » 

CY 

JOO-i 

4 

- 


S'MercaptO'thiazoline 

CH,CHiSC(SH):K 

DP 

30Q 

s 

500+ 

2 

t -M c\b>) .^-anmiobcn lotbiaa o) o 

BCl 

DP 



500 

4 

Lydrocbloride 







l,9-l>othiazole anthrooe-3-car- 

0. CCiH.C: NSCiHrCOOIl 

DP 

500- 

h 4 

1500? 


boxyhe acid 







J-Amino^,6,7.S-tetrahydfO 
napbtblatole hydrochloride 

C«H»»SC{m):NHa 

Dp 

- 


«»? 


2-{i*N»lrobtfuoylamlno)*ft-m* 

tro-benrotbiarole 

0,SWMCCNnCOCiUtSOil:S 

DP 

~ 


: ISO! 

ft 

2'Mercapto-4-nielhy I-g-chloro- 
beoxothiarole 

(cn.xcocatiScoH)! n 

DP 

“ 


ISOOH 

(- c 


•A «■ Dr E B.Astwood.CC- Carbide fta<l Ckrboo Cbetawais CorporulifJn, CY Atnencan CjsvnamM Coro- 
raay, DI’ » E. I. duPoatdoXemounaad Corafawy.EK •* EastBian Kodak Compstiy, Ji .. Jterct acid Conjpany, 
Ine. 
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wild rats were toxic (cixlohexane sulfonamide and 4-dimethyl-amino-aniline 
hydrochloride) while one (coumarin-3-carboxylic acid) had a relatively high 
toxicity to domestic rats but was less toxic to wild Norways. 

Included in table 6 are 6 dithiocarbamates, 11 amides and similar substances, 
4 hydrazines (one other hs'drazine is included in table 5), 30 amines, 6 nitriles 
(one other nitrile is to he found in table 5), and 13 miscellaneous compounds. 
The preliminary assays of these substances indicated low to.xicity to domestic 
rats and hence none w-as assayed with wild ‘Norway rats. On the basis oi these 
veiy- limited assays, their LDSO’s appear to be at least 500 mgra./kgm. 


TABLES 

Miscellaneous 



FORtfOXA 

1 

WILD NORWAT 
RATS 

pouLsnc 

RATS 

LD50 

No. 

used 

LDSO 

No. 

used 

Cyclohexane eulfouamide 

CHi(CH,)«CHSOtNH, 

1 1 

DP 

THgm./ 

jlfW. 

SO 

8 

tntm.l 

igtn. 

100? 

7 

l-DlmethylaminO'atiiline hydro- 







chloride 1 

(CHO,NC.H,NHfHa 

H 

-90 

■I 

— 


Tetrahydro-d-aAphthylamloe 

hydrochloride 

CitHuNSt'HCI 1 

? 

100 

m 



DtUdoammellde 

HSC:NC(NH,):NC(SH):N | 

CY 

100+ 


— 


Thioammeline 


CY 

1004- 

■ 

- 


Phenyl arsonie add 

C*H»AaO(OH)t 

DP 

150 

s 

150? 

7 

Coumarin«3-carboxylio add 


DP 

200 

H 

20? 

7 

AxiiUne 

C«HiNH« 

DP 

_ 

■ 

-250 

7 

Isoperthiocyanlc add 

NSC(;S)SSC:NH 
« « 

CY 

S004- 

■ 

— 


1-Naphthyl amine 

CitHiNHi 

DP 

300 


— 


N'Ethylaniline 

CEiCHiNHC*H» 

DP 


■1 

soo? 

7 

Fhe&ylacetonitrile 

C*HiCH,CN 

DP 



-350 

7 

m-Toluidine 

Cil<C4tl4Mtl| 

DP 



450? 

7 

Xeoyl hydrazine 

1 CiHiC*H4NHNH» 

DP 

SOO+ 

■1 

1500+ 

4 

Dtcyanamlde 

1 NCNH^CN 

DP 

5004- 

■1 

2000 

4 


• CY " American Cyaoamid Company, DP ■» E. I. du Pont de Nemours and Company, H •» Dr. Leslie Heller- 
man, ? V source unverifiable 


Discussion. A stud}' of the tabulated data shows that 19 compounds had 
LD50’s below 100 mgm./kgm. for wild Norway rats, all the rest proving less 
toxic. In 12 of these the full — ^NHCSNHi grouping occurred; that is, they 
differed from thiourea in the replacement of a single nitrogen-linked hydrogen 
atom by a substituent radical. In 5 others (3 thioamides, 2 thiazolines) the 
thiourea configuration was less complete in that one complete amino group had 
been lost, leaving only a — CSNHs or a (potential) — CSNH — linkage. The 
last 2 compounds were unrelated to thiourea, being respectively a sulfonamide 
and the salt of an aniline derivative. 

In general the results of the assays on domestic rats paralleled those for the 
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TABLE 6 
Other compounds* 

Found to have an LD50 of 500 mgm./kgm. or higher, on the basis of limited assays made 
only with domestic rats. The number of rats used in each case follows the name, in paren- 
theses. 

A. Dilhiocarbamates 

Sodium dithiocarbamate (9) 

Zinc dimethyl dithiocarbamate (2) 
bis(Dimethylthiooarbamyl) monosulfide (2) 
bisCDimethylthiocarbamyl) disulfide (2) 
bis(l-Piperidylthiooarbamyl) tetrasulfide (2) 

Piperidinium 1-piperidyl dithiocarbamate (2) 

B. Amides, etc. 

Adipamide (2) 

Caprolactam (2) 

Trichloroacetamide (2) 

Carbanilide (2) 

N-I -naphthyl ethyl urethane (2) 

Ammonium sulfamate (2) 

N,N-Bimethyl-p-toluene sulfonamide (2) 

Barium diphenylamine sulfamate (2) 

N-Acetyl-2-amino-phenol (4) 

N,N'-Dimethyl carbanilide (4) 
p-Phenetyl urea (Dulcin) (4) 

C. Hydrazines 
Hydrazine sulfate (2) 

4-Bromophenyl hydrazine hydrochloride (7) 

Xenylene dihydrazine dihydrochloride (13) 

Phenyl hydrazine-p-sulfonic acid (4) 

B. Aliphatic amines 

Ethylenediamine dihydrochloride (2) 

1,0-Diamino-hexaue hydrochloride (2) 

I.lO-Diamino-decane (2) 

Piperazine hexahydrate (2) 

N,N'-Diphen}'lpiperazine hydrochloride (4) 

Laurylamine thiocyanate (4) 

B. Primary Aromatic Amines 
Xenyl amine (2) 

Benzidine (2) 

2- Amino-resorcinol hydrochloride (2) 

Arsanilic acid (2) 

P-Phcnylene diamine (4) 
o-Toluidino (7) 

4-Aminophcnol (4) 

3- Nilroaniline (4) 

4- Nitroaniline (4) 

4-Nitroaniline-2-sulfonic acid (4) 

5 • Secondary Aromatic Amines 

X,N'-Diphenyl ethylene diamine (2) 

4-(Bcnr3'lnmino)plienol (4) 
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TABLE 6-Concluded 


G. Terliary Aromatic Amines 
p-biB(Dimethylamino) benzene (2) 
p-Dimethylaminophenol oxalate (2) 
N,N'-Disalicylidene ethylene diamine (2) 
N,N-Dimethyl-l-naphthyl amine (7) 
N,N-Dibenzyl-4-amino-phenol (4) 
4-(Dimethylamino) benzaldehyde (4) 
4,4'-Methylene bis(N,N-dimethyl aniline) (4) 
4,4'-bis(Dimethylamino) benzohydrol (4) 
Auramine (4) 

4- (Benzalamino)phenol (4) 
N,N-Diraethyl-4-bromo-aniline (4) 
N,N-Dimethyl-o-toluidine (4) 

H. Nitriles 
Pimelonitrile (7) 

Adiponitrile (7) 

7-Aminoheptanonitrile (7) 

Sebaconitrile (10) 

5- Amino-capronitrile (6) 

Lauronitrile (4) 

I. Miscellaneous 

2- Nitro-2-methyl-l , 3-propanediol (2) 
Resorcinol (2) 

2,4-Dinitrophenol (7) 

Tribromophenol (2) 

4-Chloro-m-cresol (2) 

3- Nitrosalicylic acid (2) 
Methylpentachlorophenyl ether (2) 

Isoamyl pentachlorophenyl ether (2) 
Ooumarin (4) 

Butadiene cyclic aulfone (2) 

Cinchophen (2) 

Carbazole (2) 

Cyanuric acid (16) 


* All compounds from the E. I. du Pont de Nemours and Company with the exception 
of Dulcin which came from the Eastman Kodak Company. 

tyild rats. There were, however, 4 compounds to which domestic rats were more 
sensitive, namely coumarin-S-carboxjdic acid, methyl thiourea, acetyl thiourea 
and thiourea itself. Thus there were 3 compounds containing a thioureido link- 
age which were more to.xic to domestic than to wild N'orway rats. The response 
of rats from different colonies, or rats maintained on different rations, to the 
parent compound thiourea has been shown (5) to var>'- markedly, and presumably 
the explanation for this, when found, will apply to the methyl and acetyl deriva- 
tives as well. 

Ourdata indicate that thioureas containing a benzene ringand thefull tliioureido 
grouping are much more likely to e.xhibit high acute toxicity than any other 
cla':': of thiourea derivatives here studied. Thus phenyl thiourea was highly toxic 
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(LD50 8.0 ingm./kgin.) as were its various (lerivafivc.s wiierc .siili.stitiitioii laid 
occurred in the ring (2-, 3- or -l-cliloro-, 2-mcthyl-, 2-j)lienyl-, or 2,3-plienylcne-, 
which is ANTU, etc.). Furllier suhstitution on the thiourea part of the mole- 
cule led to reduced toxicity (X , N'-diphenyl thiourea, usually called thiocarbani- 
lide, had an LD50 above 2000 ingni./kgm.) ns did ring closure (5-cbloro-2(3)- 
hcnzimidazolcthione had an LD50 of 150 mgm./kgni., compared to 25 mgin./ 
kgm. for 3-chloro-phenyltbiourca; these compounds arc identical except that 
the second ring has been closed in the former). It will be noted al.so that doubl- 
ing of the phenyl thiourea molecule to form ‘l,-l'-biphcnylene bis(thiourca) led 
to reduced toxicity (LD50 300 mgm./kgm.) even though two complete tliiourcido 
groups remained. 

The aromatic thiourea derivatives tested form a homogeneous group, not only 
because they include the large majority of toxic compounds found in this study, 
but also in their physiologic action. They apparently share the capacity of 
causing increased capillniy permeability in the lungs, which results in the pro- 
duction of pulmonarj’ edema accompanied by sometimes sj)cctacular amounts of 
pleural effusion. All rats receiving lethal quantities of these substances died 
after several hours or a day and showed these effects at autop.sy, as did also the 
domestic rats succumbing to thiourea and several aliphatic derivatives. The 
pathologj’ of acute poisoning by ANTU, which can be taken as typical, has been 
studied by Latta (6). 

These same effects were also found in wild rats after jioisoning with the 3 
toxic thioamidcs, as well as in domestic rats given X,N'-(li-isopropyl thiourea. 
Pleural effusion may also result from the administration of other disubstituted 
thioureas as well, although not in .suflicicnt amount.'; to cause dcatli; we have 
therefore not observed it. 

Dithiobiuret, which is a toxic singly X-substituted thiourea uithout a benzene 
ring, killed Avithout evidence of lung involvement; after 1oa\' doses the rats ap- 
peared paralyzed at 4 days and remained totally inactive until they died, 5 to 
12 days after poisoning. Thiopseudoureas and guanidines are pressor agents; 
they have been investigated by Smirk and his coworkers (7, 8), and by Hueper 
and Ichniowski (9). The toxic thiazolines killed rapidly, causing death in con- 
vulsions within an hour. So far as we know their physiologic properties have not 
been investigated. 

Attention should be drawn to the relation between this work and that of 
Astwood and his associates (10, 11) and of McGinty and his associates (12, 13, 
14), who are interested in derivatives of thiourea for quite a different purpose. 
Where Ave are looking for thioureas of high acute toxicity, Avith the aim of poison- 
'ng rats more efficiently, they A\'ant substances Avith Ioav toxicities Avhich Avill be 
efficacious in the treatment of thyroto.xicosis. It is interesting that compounds of 
the same series Avill satisfy tAVo such diverse purposes, and particularly that 
Multiple substitution and ring closure, AA’hich produce compounds undesirable 
rom our point of view, are just the changes necessary to enhance their value as 
antithj'roid agents. 
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TABLE 6 — Concluded 


G. Tertiary Aromatic Amines 
p-bis(Dimethylanuno) benzene (2) 
p-DimethylaminophenoI oxalate (2) 

N.N'-DiBalicylidene ethylene diamine (2) 

N,N-Dimethyl-1 -naphthyl amine (7) 

N,N-Dibenzyl-4-amino-phenol (4) 

4-(Diraethylamino) benzaldehyde (4) 

4,4'-Methylene bis(N,N-dimethyl aniline) (4) 

4,4'-bis(Dimethylamino) benzohydrol (4) 

Auramine (4) 

4- (Benzalamino)phenol (4) 

N,N-Dimethyl-4-bromo-aniline (4) 

N,N-Dimethyl-o-toluidine (4) 

H. Nitriles 
Pimelonitrile (7) 

Adiponitrile (7) 

7-Aminoheptanonitrile (7) 

Sebaconitrile (10) 

5- Amino-oapronitrile (6) 

Lauronitrile (4) 

7. Miscellaneous 

2- Nitro-2-methyl-l , 3-propanediol (2) 

Resorcinol (2) 

2,4-Dinitrophenol (7) 

Tribromophenol (2) 

4-Chloro-m-cre3ol (2) 

3- Nitrosalioylic acid (2) 

Methylpentachlorophenyl ether (2) 

Isoamyl pentachlorophenyl ether (2) 

Ooumarin (4) 

Butadiene cyclic sulfone (2) 

Cinchophen (2) 

Carbazole (2) 

Cyanuric acid (16) 

* All compounds from the E. I. du Pont de Nemours and Company with the exception 
of Dulcin which came from the Eastman Kodak Company. 

wild rats. There were, however, 4 compounds to which domestic rats were more 
sensitive, namely coumarin-3-carboxyIic acid, methyl thiourea, acetyl thiourea 
and thiourea itself. Thus there were 3 compounds containing a thioureido link- 
age which were more toxic to domestic than to wild Norway rats. The response 
of rats from different colonies, or rats maintained on different rations, to the 
parent compound thiourea has been shown (5) to varj^ markedly, and presumably 
the explanation for this, when found, n-ill apply to the methyl and acetyl deriva- 
tives as well. 

Ourdata indicate that thioureas containing a benzene ringand the full thioureido 
grouping are much more likely to e.xliibit high acute toxicity than any other 
class of thiourea derivatives here studied. Thus phenyl thiourea was highly toxic 
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During recent years Reichstein and his pupils (1) of Basel, Switzerland have 
carried out extensive investigations on the isolation and structural elucidation 
of various cardiac glycosides. At Columbia University, Elderfield and his co- 
workers (2) have sjmthesized compounds related to digitalis-like glycosides. 
The effort of this laboratory (3) has been directed to the pharmacologieal com- 
parison of various cardiac substances. The data in the present communication, 
as shown in Table 1, cover 10 new glycosides generously supplied by Professor 
T. Reichstein, and 5 esters of strophanthidin generously supplied by Professor 
R. C. Elderfield. 

Adonltoxin ia a crystalline glycoside of Adonis vernalis, separated by Rosenmund and 
Reichstein (4); details of its structure have not as yet been published. Cymarol is a gly- 
coside of Strophanthus kombe, isolated by Blome, Katz, and Reichstein (5). It differs from 
cymarin and periplooymarin by hydroxyl substitution on Cn as follows: 

CH, CHO CHjOH 



cymarose cymarose cymarose 


Periplocymarin Cyunarin Cymarol 

Sarmentosides A and B are the glycosides of Strophanthvs sarmentosus, and cheirotoxin that 
of wallBower seeds, Cheiranthus cheiri, family Crucf/crac; isolated, respectively, by Schmutz 
and Reichstein (6) and Schwarz, Katz, and Reichstein (7). The source of convalloside is 
the seeds of Convallaria majalis, and that of evonoside, the seeds of Evonymus europea (8). 
Besgluco-hellebrin was obtained by partial hydrolysis of Karrer’s diglycoside hellebrin, 
prepared from Helleborus niger (8). Methyl and potassium cymarylates are the reaction 
Products of the following partial structure (9) : 

COOH 



cymarose 


The 4 dialkylaminoacetyl strophanthidins and 3-chloroacetyl anhydroatrophanthidin 
Were all made synthetically from the aglycone strophanthidin by Elderfield and his asso- 
ciates (10). Previously (11), a specimen of diethylaminoacetyl strophanthidin (synony- 
nious with strophanthidin-S-diethylaminoacetate), m.p. 192.5° to 193.5°C., was examined. 
The present sample melted at a lower temperature, 169° to 170°C. This compound exists 
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SUMMARY 

On the basis of the assays reported above, the acute toxicity of thiourea to 
wild Norway rats is enhanced when a single aromatic radical is attached to one 
of the thiourea nitrogens. When there are 2 or more substituents, either on the 
same or both nitrogen atoms, the acute toxicity is lowered, as it also appears to 
be when substitution occurs on the sulfur atom, producing a thiopseudourea, or 
when the sulfur atom is replaced by an imido group to form a guanidine. 

Pulmonary edema and pleural effusion resulted from acute poisoning with the 
N-substituted aromatic thioureas and with three of the thioamides, but were not 
produced consistentlj' in lethal amounts by the other related compounds. 

The results for domestic rats in general paralleled those obtained with wild 
Norways, differing markedly only in that the domestic rats e.\hibited a greater 
sensitivity to thiourea itself and to two aliphatic derivatives of low molecular 
weight. 
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the previous observation (14) that strophanthidinic acid is many times less active 
than strophanthidin — a close similarity in each instance, both chcmicallj'' an 
pharmacologically. The activity of cheirotoxin is verj' close to that of ouabain. 
^YhjIe sarmentoside A is highly potent, sarmcntoside B is devoid of any digitahs- 
like effect on the cat’s heart. It is not improbable that the latter is in an alio- 
form (6). Convalloside, a bioside, is weaker than convalloto.xin, a rnonoside. 
The difference is similar to that between K-strophanthin-^ and cjmarin. The 
activity of evonoside lies between that of cerberoside and that of thevetm. 


TABLE 1 
Results in cats 



Kmors or cats 

POST lAKCC TO KILL 

IffAN (CEOiCETWC) 
XJCTHAX* DOSE db 


Male 

Female 

Total 







lit. fer if. 

X'f. it- 


4 

6 

10 

133.5- 263.0 

191.3 ± 17.5 

Cvmarol 

4 

6 

10 

85.4- 162.6 

99.4 ± 6.5 


3 

6 

9 

93.8- 130.6 

112.3 ± 5.4 


2 

1 

3 

929.0-16572.0 

failed to kill 


5 

5 

10 

103.0- 135.7 

118.6 ± 3.6 


4 

C 

10 

146.6- 263.4 

215.0 rb 13.2 


2 

8 

i 10 

74.2- 1x4.2 

86.1 ± 3-2 


4 

3 

1 7 

664.7- 1354.3 

838.7 ± 119.5 



1 

1 

14100.0 

failed to kill 



3 j 

3 

528.0-10720.0 

3879.0 

3-Dimethylanunoacetyl Stro- 

3 

7 

10 

202.7- 290.8 

266.3 ± 22.7 

3-DiethylaininoacetyI Stro-- 

pbanthidin, ra.p. 16^170° 

S-Di-n-propylaminoacetyl Stro- 

3 

3 

7 

7 

10 

10 

201.1- 623.8 

172.7- 702.7 

262.9 ± 40.5 

355.4 ± 47.9 

3-Di-n-butylaminoaoetyl Stro- 

5 

5 

10 

440.3- 1288.8 

7W.5 ± 78.9 

3-Cliloroacetyl Anhydrostro- 
phanthidin 


1 

1 

17120.0 

failed to kill 


Of the 4 alkylaminoacetyl strophanthidins, the dimethyl and diethyl are 
apparently equal in potency. Although the latter, the low melting form, shows 
a trend of being less active than the high melting form, as previously reported 
(11), the difference between the two is not highly significant because of the large 
standard error (see table 1). As the alkyl chain lengthens, the activity decreases 
— far greater in proportion than the molecular size. Thus, the di-n-propyl 
derivative, approximately 11.5% larger in molecular weight than the dimethyl 
derivative, is 33.5% less active. The disproportion is much greater if the di-n- 
butyl derivative is compared w’ith the lower members of the series. The last 
compound in table 1 is inactive, which may be attributed to the absence of the 
hydro.xyl group on Cn. The result of this experiment is confirmatory of our 
previous observation that the hydroxyl group on Cm is indispensable (3). 
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in two polymorphic forms, which nre interconvertible by rccrystalliration. 3-Chloroacelyl 
anhydroatrophanthidin is a by-product in the preparation of chloroacetyl strophanthidin 
by the KOssner method (10). 

With the exception of potassium cymarylate, all the products required various amounts 
of ethanol. As usual, special caution was exercised to limit the amount of alcohol to a 
minimum in order to avoid complications from an excessive quantity in animal experiments. 
Stock solutions of 1:1000 with 47.6% ethanol by volume were prepared with adonito.xin, 
cheirotoxin, cymnrol, sarmentoside A, eonvalloside, desgluco-hellebrin, and evonoside; of 
1:500 in 47.5% ethanol by volume, with sarmentoside B and 3-dimethylnminoacetyl stro- 
phanthidin; of 1:600 in 57.5% ethanol, with 3-diethylaminoacetyl and 3-di-n-propylamino- 
acetyl strophanthidins; of 1:1000 and 1:500 in 95% ethanol, respectively, with 3-di-n- 
butylaminoacetyl strophanthidin and 3-chloroacctyl anhydrostrophanthidin; and of 1:250 
in 19% ethanol, with methyl cj-marylatc. 

For cat experiments, dilutions of 1:200,000 in saline were made with stock solutions of 
cymnrol and dpjgluco-hellebrin; of 1:100,000, with those of ndonitoxin, sarmentoside A, 
cheirotoxin, and eonvalloside; of 1:50,000, with those of 3-dimethyl-, 3-<liethyl-, 3-di-n- 
propyl-, and 3-di-n-butyl-, aminoncetyl strophanthidins; and of 1:25,000, with those of 
sarmentoside B, evonoside, and methjd cymarylate. An additional amount of ethanol was 
necessary to keep 2 of the above compounds in solution, namely, a dilution of 1:50,000 of 
3-diethyl- and 3-di-n-butyl-, aminoncetyl strophanthidins had to have a total content of 
2.85% and 3.8% ethanol by volume, respectively. Potassium cymarylate was completely 
soluble in saline solution-being used in a 0.1SC% solution. 

The final dilutions of all the compounds were injected intravenously into cats until 
death occurred, in the same manner ns previously reported (12). The rate of injection was 
1 cc. per minute, except with sarmentoside B and 3-di-n-butylnminoacety] strophanthidin 
it was 2 cc. per minute. 3-Chloroncetyl anhydrostrophanthidin was so insoluble in water 
that its stock solution had to bo administered at the rate of 0.04 ce. per minute by means 
a 3-way stopcock — a procedure adopted in this laboratory for insoluble substances (13). 
Of the 114 cats, thebody weight varied from 1.704 to 2,985 kg., averaging 2.2258 kg. Groups 
of 10 cats each were employed for 9 substances; fewer animals, for the remaining 5 com- 
pounds— either because of limited quantity of material or lack of activity. 

It is clear from tlie last column of table 1 that G of the natural glycosides have 
a high potency in cats. Tlie activity of dcsgluco-hellcbrin approaches that of 
convallotoxin (3), to date, the most potent of all glycosides investigated. Des- 
gluco-hellebrin certainly can rank second. It remains to be seen whether the 
two substances have a close chemical resemblance. CjTnarol is unquestionably 
more active in cats than cj'marin and pcriplocymarin, results of which were 
previously reported (3) — showing that the presence of a carbinol group on Ciohas 
a more favorable influence on cardiac activity than an aldehyde or a methyl 
group at the same position. The oxidation of this hydroxyl to a carboxyl group 
is, however, attended by an apparent loss of activitj’, since its methylester failed 
to kill a cat in the dose of 14.1 mg. per kg. (table 1). In large doses, the potas- 
sium salt was lethal to cats, but the changes in heart rate during the course of 
injection were not typical of digitalis action. Death could have been due to 
potassium ions. The correctness of this e.xplanation is more probable if the 
results in frogs are considered. No systolic standstill occurred with doses as 
high as O.G mg. per g. injected into the lymph sac. It can be concluded, there- 
fore, that the formation of an acid at Cis on the cymarin molecule results in a 
marked or complete loss of cardiac activity. Our contention is strengthened by 



cardiac GLTCOSIDES ANT) RfTERS 


the preiious observation (14) that strophanthidinic acid is many times less active 
than strophanthidin — a close similarity in each instance, both chemically and 
phannacolopcally. The acthdty of cheirotoxin is very close to that of ouabain. 
While sarmentoside A is highly potent, sarmentoside B is devoid of any digitalis- 
like effect on the cat’s heart. It is not improbable tliat the latter is in an allo- 
form (6). Convalloside, a bioside, is weaker than convalloto.^n, a monoside. 
The difference is similar to that bet%veen K-strophanthin-/3 and cymarin. The 
actirifj' of evonoside lies between that of cerberoside and that of thevet'm. 


TABLE 1 
Results in cats 



yexsa or CATS 

DOSS ije.'cr to tut 

KEAN (crOKtTXTC) 

1 IXT&AJ. DOSS sfc 

jm 




1 STANTUID EtXOS 

Adonitonn 

4 

C 

10 

et. r" It. 

133.5- 263.0 

Cf. fer If. 

191.3 ± 17.5 

Cymarol 

4 

6 

10 

S5.4- 162.6 

90.4 ± 6.5 

Sarmentoside A 

3 

6 

9 

93.S- 130.6 

112.3 ± 5.4 

Sarmentoside B 

2 

1 

3 

929.0-16572.0 

j failed to kill 

Cheirotoiiii 

5 


10 

1 103.0- 135.7 

1 11S.6 ± 3.0 

Convalloade 

4 


10 

145.6- 263.4 

215.0 sb 13.2 

Desgluco-helJebrin 

2 


10 

74.2- 114.2 

S6 > 1 sb 3.7 
S3S.7 ± 119.0 

Evonoside 

4 


7 

561.7- 1351.3 

Methyl Cymarylate 



1 

14100.0 

failed to kill 

Potassiuin Cymarylate 


3 j 

3 

62S. 0-10720.0 

3S79.0 

3-Dimethylaminoacetyl Stro- 
phanthidin 

3 ! 

7 

10 

202.7- 290. S 

266.3 ± 22.7 

3-Diethylanunoacetyl Stro-* 
phanthidin, m.p. 169-170° 

3 

7 


201.1- 523. S 

262.9 ± 40.5 

3-Di.n.propylaininoacetyl Stro- 
phanthidin 

3 

7 


1(2.7- 702.7 

355.4 ± 47.9 

3-Di-n-butylaimnoacetyl Stro- 
phantludin 

5 

5 


440.3- 12SS.S 

761.5 ± 7S.9 

3-Chloroacetyl Anhydrostro- 
phanthidin 


1 

1 

17120.0 

failed to kill 


Of the 4 alkylaminoacetyl strophanthidins, the dimethj’l and diethyl are 
apparently equal in potency. Although the latter, the low melting fonn, shows 
a trend of being less active than the high melting form, as previouslj' reported 
(11), the difference between the two is not highlj'^ significant because of the large 
standard error (see table 1). As the alkjd chain lengthens, the activity decreases 
— far greater in proportion than the molecular size. Thus, the di-n-propyl 
derivative, appro.ximately 11.5% larger in molecular weight than the dimethyl 
derivative, is 33.5% less active. The disproportion is much gre.ater if the di-n- 
butyl derivative is compared with the lower members of the series. The last 
compound in table 1 is inactive, which may be attributed to the absence of the 
hydroxj’l group on Cm. The result of this e.vperiment is confirmatory of our 
previous observation that the hj^droxyl group on Cm is indispensable (3). 
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Sis of the natural glycosides were further tested in frogs. In vieu of the fact 
that the sensitivity of frogs varies so much more than that of cats, simultaneous 
assays were carried out, a few at a time. Thus, in table 2, it can be noted that 
cimarol, cj’marin, and adonitoxin were studied at the same time. The same is 
true with cheiroto.xin and ejunarin; sarmentoside A and ouabain, and convallo- 
side, desgluco-hellebrin, and cymnrin. 

'When tlic median systolic doses in table 2 and the moan lethal do'C- in table 1, 
or in our earlier publication (3), arc compared, it becomes clear that the order of 
activity is frequently reversed. For ex-ample, cymarol is more potent than 
cxTiiarin in cats, but weaker than cymarin in frogs. A similar rc\crsal exists 
between cj’marol and ejmarin, on the one hand, and adonitoxin, on the other. 
Cheirotoxin is more than tw ice as active as cymnrin in frogs, but definitely less 
active in cats. Sarmentoside A is also twice as active as ouabain in frogs, but 


T.^BLE 2 
Hesulls in frogs 


CIVCOSIDE 

sTVBt* or 
nocs iszs 

lt£DL<S srszouc PO*Z sfc 
STA^•^>iSI> E**0* 

Cymarin . 

30 

f 

0 SIO 0 030 

Cymarol 

•10 

I 120 ± 0.120 

Adonitoxin j 

35 

0 C21 ± 0.04G 

Cheirotoxin . 

35 

0 tlO i 0.040 

Cj marin 

35 

1 

0 SSO ± 0 070 

Sarmentoside A 

CO 

0 509 ± o.5eo 

Ouabain 

30 

1 141 ± O.OSS 

Convalloside 

30 

1 090 i 0.090 

Desgluco-hellebrin 

35 

0 290 ± 0 023 

Cymarin 

30 

0 G95 i 0 055 


almost equally active in cats Such discrepancies have been pie\-iously observed 
between scillaren B and ouabain (15). A suggestion of agreement of results 
between cats and frogs occurs between convalloside and desgluco-hellebrin, on 
the one hand, and cymarin, on the other. 

suxnuRY 

1. The activity of 10 cardiac gh’cosidcs and 5 esters of strophanthidin has been 
determined in cats by intravenous injection: adonitoxin, cj-marol, sarmentosides 
A and B, cheirotoxin, convalloside, desgluco-hellebnn, evonoside, methyl and 
potassium cymarjdates; 3-dimethj’l-, 3-diethyl-, 3-di-7!-propyl-, and 3-di-ii-butyl-, 
aminoacetj’l strophanthidins; and 3-chIoroacetyl anhydrostrophanthidiii. 

2. The significance of ceitain structural changes has been pointed out 

3. The potency of 6 glycosides (adonitoxin, cymarol, cheirotoxin, sarmentoside 
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A, convalloside, and desgluco-hellebrin) has also been determined in frogs, and 
compared simultaneously with that of cjinarin or ouabain. The order of activity 
of these substances is frequentlj’ reversed between cats and frogs. 

Note: Dr. ^Maximilian Ehrenstein, George S. Cox Medical Research Institute, 
University of Pennsylvania, generously supplied us vath specimens of strophan- 
thidoland3,19-dracetylstrophanthidol, whichhe and Johnson sjmthesized (16). 
Our pharmacologic results on these two compounds have a direct bearing on the 
present conununication. The mean (geometric) lethal dose of strophanthidol 
in 10 cats is 285.4 i 37.1 tig. per kg., being more potent than both strophan- 
thidin and periplogenin. The order of activitj', therefore, corresponds to that 
of cymarol on the one hand, and cymarin and periplocymarin on the other; 
again indicating on Cm, alcohol > aldehyde > methyl. 3,19-Diacetyl stro- 
phanthidol failed to kill cats in doses as large as 8930 and 16110 pg. per kg. Simi- 
larly, it did not produce systolic arrest in frogs in doses varjing from 259 to 
478 pg. per g., although their hearts ceased to beat. The disappearance of 
digitalis-like action in this case is imexpected in view of the increase in potency 
by acetylation of the OH group on Cj of strophanthidin. 

Acknowledgment; We are indebted to Misses Nila Maze and Marian H. Ellaby 
and jMessrs. Harold M. Worth, Chester C. Hargreaves, and William T. Win- 
chester for their assistance in various e.xperiments. 
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STUDIES OX THE MECHAXISM OF DEATH IX DOGS AFTER 
SYSTEMIC IXTOXICATIOX BY" THE IXTRA'VHINOUS INJECTION 
OF METHYL-R/SO-CHLOROETHY"L)AMIXE OR TR/SOS-CHLORO- 
ETHYH)AMIXEJ 

C. RILEY HOUCK,* BErTY CRAI\TORD, JAMES H. BAXXON and 
HOMER W. SMITH* 

From the Department of Physiology, New Yor): University College of Medicine 
Receiv’ed for publication February 21, 1917 

In a recent background summarj* of the biological actions and therapeutic ap- 
plications of the (?-ch]oroethj'l amines and sulfides (1), systemic pharmacologj’ 
and patholog}’ of methjd'h2s(|8-chloroeth3’l)amine (olficiallj’ designated as HN2) 
and trisOS-chloroethyl)amine (ofiBcially designated as HNS) in man and experi- 
mental animals have been described. The most prominent sj'stemic effects of 
these agents are upon the bloodforming organs tvith the production of leucopenia, 
and upon the mucosa of the gastrointestinal tract, where injuiy results in copious 
loss of fluid through vomiting and diarrhea which, with anorexia, lead to a 
marked reduction in body weight. Terminally, eirculatoiy failure leads to coma 
and death appears to result from respiratory failure. Gross and micropathologic 
studies reveal extensive lesions in the intestinal tract, bone marrow and lym- 
phatic tissue. 

The present investigation was undertaken to evaluate the fluid loss and circu- 
lator)’’ status in the dog, and to try to determine to what extent these changes 
could contribute to the death of the animal. Changes which might be the cause 
of death were sought in various plasma constituents, blood gases, properties of 
whole blood and red cells after ndthdrawal from the body, and in the body water 
compartments. Two general methods have been used in an attempt to evaluate 
the significance of fluid loss in into.xicated animals: 1) the replacement of fluid, 
electrolyte and protein by single or repeated subcutaneous or intravenous injec- 
tions and 2) protection of the small intestine by occlusion of its blood supply 
during and for 15 minutes after the injection of the to.xic agent, with the hope of 
preventing enteritis and fluid loss. It has been demonstrated that the intestine 
of the rat (HN2 and mustard) and rabbit (mustard) can be protected in this 
manner (2). 

' This paper is based in whole on work done for the Office of Scientific Research and De- 
velopment under Contract No. OEMer-SSe with New York University. 

* Present address: University of Tennessee, Memphis. 

* Much of the experimental work reported in this paper has been carried out with the 
assistance of Margaret )V ing. Grateful acknowledgement is made to Dr. H. M. Zimmerman 
(Yale University), Dr. Irving Graef, Dr. 'Yal Jager and Dr. Boris Krichesky for the path- 
ologic observations, to Dr. L. James Talbot and Dr. Kenneth Cosgrove for performing the 
splenectomies, to Dr. Boris Krichesky for performing the intestinal clamping operations, 
to Elesa C. Addis and Mildred Bevelander for the blood counts, to Ann Lovell for some of 
the roanometric analyses, and to Robert B, Golbey for assistance in carrying out the par- 
enteral feeding experiments. 
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In the blood biochemical studies methyl-?>is(;8-chlorocthyl)amine (HN2) was 
administered to dogs intravenously in freshlj' prepared saline solutions of the 
hydrochloride in a dose of 1 mgm./kgni. Because of the general similarity be- 
tween the known features of systemic intoxication produced by this compound 
and tns03-chloroethyl)aminc (HICS), subsequent studies have been carried out 
with the latter compound, the h 3 -drochloride of which was administered intrave- 
nously in a dose of 1 mgm./kgm. 

Experiuental axd A-VALmcAi. rnocEDimEs. Oxj'gen espacitj' and oxj-gen saturation 
of arterial blood, oxygon saturation of venous blood (jugular vein), and carbon dioride ca- 
pacity of arterial blood were determined bymanometric analyses in the Van Slyke-Neill con- 
stant volume gas analysis apparatus (3). Carbon dioxide capacity (Tjj) was calculated at 
a CO) tension of 40 mm. Hg according to Van Slyke and Sendroy (4). 

Blood pH was determined by the Cambridge Electron Ray pH ^ietcr, utilizing a Mcln- 
ncss electrode without exposure of the blood to air or oil. 

Lactic acid concentration of plasma was determined by the method of Barker and Sum- 
merson (5), chloride concentration of plasma by the method of Van Slyko (6), hemoglohin 
by the colorimetric method of Evelyn and Malloy (7) or calculated from the oxygen capac- 
ity (3), total plasma protein concentration by the micro-Ivjcldahl method of Howe (S) or 
the copper sulfate method of Phillips et al. (9), and non-protein nitrogen concentration by 
the method of Koch and McMeekin (10). Extracellular fluid volume was taken as the vol- 
ume of distribution of sodium thiotj'snnte (11) 60 minutes after the intravenous injection 
of known quantities of this substance and without correction for excretion, which was con- 
sidered negligible. Sedimentation rate and hematocrit were determined by transferring a 
one cc. sample of well-mixed blood directly from the syringe into a Wintrobe hematocrit 
tube, which was placed in a water bath at 37°C. Readings of the sedimentation rate were 
made at 10 minute intervals for an hour. The tubes were then centrifuged for 40 minutes 
at high speed for the determination of the hematocrit. Osmotic fragility of red cells was 
determined by measuring the hemoglobin content of the supernatant fluid obtained from 
0.1 cc. of whole blood plus 10 cc. of sodium chloride solutions ranging from 0.1 to 0.7 per cent, 
the unlieraolyzed cells being first removed by centrifugation. 

Plasma volume (PV) and total cell volume were determined by injection of known quan- 
tities of the dye T-1824 into the jugular vein (12) and subsequent withdrawal of four samples 
of blood at 15 minute intervals for the determination of plasma dye concentration 
(13, 14). In some experiments, after determining the plasma and cell volumes, from 100 to 
150 cc. of human or heparinized pooled dog plasma, 8 per cent gelatin, or 6 per cent acacia 
in saline or in 20 per cent glucose were injected intravenously in an attempt to bring into 
circulation possibly sequestered or trapped cells. After waiting 20 minutes to one hour to 
insure thorough mixing of the injected fluid and colloid, asccond intravenous injection of dye 
was made for a redetermination of plasma and total cell volumes. 

Glomerular filtration rate was measured by the clearance of creatinine (15) and effective 
renal plasma flow by the clearance of p-aminohippuric acid (PAH) (16). Plasma samples 
were precipitated for creatinine and PAH determinations by the cadmium sulfate method 
of Fujita and Iwatake (17) and the creatinine concentration of the plasma filtrate and 
diluted urines was determined by the method of Folin and Wu (18). PAH was determined 
by the method of Smith, Finkelstein, Aliminosa, Crawford and Graber (16) . In renal clear- 
ance experiments, ten per cent mannitol was infused intravenously at the rate of 1.5 oc./min. 
as a diuretic. Mean arterial blood pressure was recorded by femoral arterial puncture and 
a mercurj’ manometer immediately before and after each clearance study. 

Surgical procedure. Dogs weighing 5 to 7 kgm. were anesthetized by intravenous nembu- 
tal. The abdomen was opened by a midline incision in the epigastrium and the small in- 
testine delivered from the wound. Rubber ties were passed around the small intestine at 
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the upper end of the jejunum and at the ileocecal junction. The superior mcsonterio artery 
and its immediate branches were then located, cleared and clamped with rubber-sheathed 
hemostats. The rubber ties about the gut were drawn tight and the vessels were watched 
for pulsation. The presence of deep cj’anosis of the intestine and the absence of pulsation 
in the vessels was considered adequate evidence of stasis. The toxic agent was then injected 
into the jugular vein. The clamps and ties about the gut were maintained in place for 16 
minutes and then removed. The bowel was observed until the return of adequate circula- 
tion; then a small amount of sulfadiazine powder was left in the peritoneal cavity and the 
abdomen closed. The dogs were given 25 mgm. of demerol subcutaneously or intramuscul- 
arly during the first hour after the operation. 

Results and discussion. Toxicity, A single intravenous injection of 1.0 
mgm./kgm. of 111^2 -HCl or HN3-HC1 in fasting dogs was found to be approxi- 
mately an LDjo for HN2 and LDrs for HN3. It appears that HNS is more toxic 
than HN2 in dogs by this route, as in rats, mice and rabbits (19). The mean 
death time after HN2 was 125 hours; after HNS, 76 hours (Table 3). 

Symptoms. The symptoms of dogs intoxicated by a single intravenous injec- 
tion of HN2 or HNS are as followst* vomiting begins within a few hours after 
intoxication, increasing in severity and generally continuing through the second 
and third day. Vomiting, both early and late, may reflect an early neurogenic 
disturbance, or injury of the intestinal mucosa. Diarrhea, usually blood-stained 
or frankly hemorrhagic, is generally present on the second to fourth day (diarrhea 
was present at some time in 93 per cent of 105 dogs receiving an LDio of HN2 or 
HN3 intravenously). Intestinal bleeding is considered to be of capillary origin 
since larger bleeding points were not demonstrated. 

Together ivith profuse vomiting and diarrhea, there is progressive loss of fluid, 
electrolyte and protein, as revealed by the folloiving biochemical and fluid bal- 
ance data: 

Extracellular fluid volume decreased by 16 per cent on the fourth day of intoxi- 
cation in one dog dying at 10 days after intoxication (HN2), by 22 per cent on the 
fifth day in a dog dying at eight days, and by 30 per cent on the fourth day in a 
dog dying two hours after the determination. Extracellular fluid decreased by 
17 per cent on the fifth day in one surviving dog. This degree of reduction of 
extracellular fluid appears to be physiologically significant. 

Plasma volume decreased by an average of 20 per cent (range 3 to 46) by the 
third day of intoxication (HNS), as observed in 19 dogs, 14 of which were sple- 
nectomized 10 days or more before intoxication to eliminate this organ as a 
possible site of sequestration of cells (Table 1). This is of the same order of 
magnitude of change as is observed in shock following skeletal trauma and 
hemorrhage (25 to 15 per cent, respectively) although it is less than the average 
figure of 40 per cent reported in cases of bum shock in man (21). 

Whole blood volume decreased by an average of 15 per cent (range 1 to 36) 

* In four dogs receiving 10 daily intravenous injections of 0.1 mgm./kgm. of HN3-HC1 
(total dose = 1.0 mgm./kgm.), the symptoms characteristic of a single intravenous dose of 
1.0 mgm./kgm. were absent, and the only evidence of intoxication was a moderate reduction 
in the total leucocyte count. In each instance, recovery of the count began before the fifth 
day. 
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(Table 1), considerably less than the 30 to 35 per cent reduction reported for man 
in shock from skeletal trauma, hemorrhage or bums (21). 

It is difficult to insualize the relative importance of plasma loss as compared 
with whole blood loss, but it is our opinion that the decrease in whole blood vol- 
ume alone is inadequate to cause death and other contributorj' factors must 
be sought, such as loss of protein and electrolytes. 

Plasma chloride concentration fell in nearlj' all fatally intoxicated dogs (111^2), 
i.e., —1, —11, —15, —IS, —19, —20, —29, —33 per cent of control values at 
the last determination. In 6 sundiTng dogs, chloride concentration did not 
change significantly. 

COi capacity (T^o) increased in 4 of 4 intoxicated dogs (HN2). This increase 
presumably was a consequence of the predominance of loss of acid by vomiting 
over loss of base by diarrhea. 

Blood pH in 6 dogs studied increased terminally in everj' case, the highest 
value obsen'ed being 7.72. Since in most cases respiration was not markedly 
depressed and pulmonar3' ventilation was not impaired, this increase in pH in- 
dicates an alkalosis arising mainly from loss of fixed acid. However, in some 
instances a terminal hjqien'entilation may have been a contributory factor. 
Lactic acid was studied in 2 dogs only and did not seem to vary significantly 
during the course of intoxication. These obsen'ations, combined with the 
data on carbon dioxide capacity and pH, indicate that there is no significant 
accumulation of fixed acid. 

Total circulating protein (total plasma protein concentration times plasma 
volume) decreased by an ai^erage of 21 per cent (range 1.6 to 36.5) in 16 of 19 
dogs (HN3) (Table 1); in the absence of edema and proteinuria, the most likely 
explanation of this decrease is loss of protein in the diarrheic stool. Protein 
increased 10 per cent (range 6.7 to 14.0) in 3 of 19 dogs. The protein loss in 
man in bum shock, skeletal trauma, and hemorrhage may be of the order of 35 
per cent or more (21). 

Total plasma protein concentration in 9 fatally into.xicated dogs (HN2) had 
changed, in terminal observations, by —36, —8, -f-1, -{-28, -{-32, 4-38, -f43, 
-b85 and -{-134 per cent of the control value, although in some instances the 
degree of concentration was substantially greater one or two days before the 
terminal observation. In 3 surviving dogs, the change was —13, -{-7, and -{-14 
per cent. An increase of 13 per cent was also observed in 14 of 19 dogs 72 hours 
after into.xication (HNS). In 5 of 19 dogs, the concentration decreased. The 
increased concentration in the majority of cases indicates that more water than 
protein is lost from the circulation. The loss of protein offsets the increase in 
protein concentration which otherwise would be e.xpected from fluid loss. In 
man after hemorrhage and skeletal trauma, the reduction in plasma protein con- 
centration is of the order of 20 per cent; in bum shock, 8 per cent (21). It is 
apparent that in HNS intoxication relatively much more water than protein is 
lost than is the case in man in shock; it is therefore inferred that the fatal effects 
of HNS intoxication cannot be attributed to protein loss per se. 



282 


HOUCK, CnA-\VFOnD, BANNON ANT) SIHTH 


Non-prolcin nitrogen concatlralion of plasma rose in 5 and fell in 2 fatally in- 
toxicated dogs (HN2), and remained constant in one survi^-ing dog. However, 
not much significance can be attached to this figure. Glomerular filtration in 
rabbits into.xicated bj' the intravenous administration of HN2-HCI is not im- 
paired until circulatorj' collapse occurs (22) and azotemia when present is un- 
questionably of pre-rcnal origin. 

Total red cell volume as calculated from the plasma volume and the hematocrit 
decreased in 13 of 19 dogs 72 hours after intoxication (HNS) by an average of 
03 cc. of cells, but increased in 0 of 19 dogs b3' an average of 41 cc. The reduc- 
tion exceeded 10 per cent in onlj' 8 of 19 dogs, including 2 survivors. The de- 
crease in total cell volume might be a result of hemorrhage through the intestinal 
wall or of in vivo sequestration or trapping of cells. Most of the dogs had bloodj' 
diarrhea when total red cell volume determinations were made. However, in 
none of the 8 dogs which showed a decrease in total red cell volume over 10 per 
cent had blood been present in the stool up to the time of examination. 

Total red cell volimie after fluid and protein infusion. The administration of 
fluids and colloids on the third daj* after intoxication has failed to bring into 
eirculation anj' significant quantitj' of cells. In fact, in most instances total red 
cell volume actuallj- decreased as a consequence of hemodilution following 
fluid administration. Acacia infusion resulted in an average increase of 16 per 
cent in total cell volume (range 2 to 30) in 4 of 7 dogs, and a decrease of 6 per 
cent (range 3 to 9) in 3 of 7. Human plasma produced an average decrease of 
11 per cent (range 9 to 13) in 3, an increase of 3 per cent in 2, and no change in 1 
of 6 dogs. Dog plasma infusion resulted in an average decrease of 13 per cent 
in 3 of 3 dogs. Gelatin produced a decrease of 1C per cent in 2 of 3 with an in- 
crease of 3 per cent in 1 of 3 dogs. 

It is apparent that if sequestration of red cells occurs in HN3 intoxication, 
these cells cannot be restored to the circulation bj' temporary' restoration of 
plasma volume mth anj' of the media studied above. Failure to restore cells 
to the circulation is, however, not a com'incing argument against sequestration, 
because similar infusions administered to normal dogs frequentlj' result in a 
marked reduction in total circulating cell volume. Furthermore, the extent of 
such sequestration maj' be masked bj' a change in individual cell volume. How- 
ever, we are inclined to believe that in HN3 and IIN2 intoxication, extensive 
sequestration does not occur, because the actual loss of red cells is significant 
in onlj' half of the animals studied. 

Total circulating protein after fluid and protein infusion. A comparison of 
total circulating protein before and after injection of human plasma, relative to 
the amount of protein administered, revealed a loss of considerable protein one 
hour after infusion, averaging 14 per cent (range 7 to 22) in 6 of 6 dogs. An 
average of 5 per cent (range 0.4 to 12) disappeared after dog plasma in 3 of 3 
dogs. In the case of gelatin, 3 dogs lost an average of 21 per cent (range 4 to 
30). A discrepancy of the same magnitude between the expected and cal- 
culated total circulating protein after fluid injection was also observed in several 
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normal dogs and therefore the disappearance of protein in intovicated animals 
cannot be attributed to increased capillary permeability.' 

Splenectomized animals did not differ significantly from dogs with intact 
spleens with respect to alteration of plasma and total cell volume or circulating 
protein on the third day of intoxication, either before or after fluid or colloid 
infusion, thus eliminating this organ as a haven for sequestered red cells or pro- 
tein 

The hemalocrit in 12 of 19 dogs intoxicated uith HNS increased an average 
of 17.5 per cent (range 1 to 38), and decreased in 4 of 19 dogs, in one instance by 
as much as 30 per cent The hemoconcentration present in most dogs reflects 
a greater loss of fluid than cells from the circulatory system. This hemoconcen- 
tration need not necessarily be proportionate to the reduction in plasma volume 
in the presence of cell loss or change in cell size. 

Hemoglobin determinations vaned considerably The results at their face 
value suggest a reduction of hemoglobin content in the terminal stages of in- 
toxication Methcmoglobm did not appear in significant amounts in any of the 
dogs studied 

Oxygen capacity in 3 dogs (HN2) on the day of death increased by 11 (second 
day) and 19 per cent (fourth day), and fell by 16 per cent (second day). In one 
survivor there uas no significant vanation at any time during the first five days. 
Failure of oxygen capacity to increase as markedly as \\ ould be expected if hemo- 
concentration paralleled the mcrease in plasma protein concentration suggests 
the loss of hemoglobin or red cells 

Changes in properties of blood withdrawn from intoxicated animals include in- 
creased coagulation time, increased sedimentation rate, and increased tendency 
of cells to agglutinate into large, irregular masses in which individual cells are 
indistinguishable No change in osmotic fragility of red cells uas observed. 

Reduction of body weight is associated with the excessive fluid and protein loss. 
All fatally intoxicated dogs lost an average of 3 8 per cent of their body weight 
per day (11 3 per cent by 72 hours. Table 1), which is more extensive than the 
mean loss in normal, fasting dogs allowed water ad libitum (ca 1 57 per cent per 
day) (24, 25). 

Terminal weakness and coma preceding death occur m the majority of dogs on 
the third to fifth day after intoxication by either HN2 or HNS They are as- 
sociated uith Ion mean femoral artenal blood pressure, usually between 20 and 
45 mm Hg, marked oxygen unsaturation of jugular blood (with presumably 
normal artenal oxygen saturation), reduction in body temperature, coldness of 
extremities, relaxation of the anal sphincter, and finally respiratory failure. 

‘ This 18 supported by the observation that the disappearance rate of dye T-1824, con- 
sidered as a measure of the rate of escape of plasma albuimn from the blood (23), did not 
increase by the third day of intoxication However, a possibly significant increase in the 
disappearance rate after infusion of fluids on the third day of intoxication indicates an in- 
creased loss of albumin, which agrees with the observed decrease in the total circulating 
proteins one hour after fluid infusion 
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The oxygen saturalion of jugular blond was markedly depressed at one time or 
another in 4 dogs (IIN2), but had returned to a normal or supernormal value 
in one lethallj- intoxicated dog on the day of death. Despite this single instance, 
it was grossly apparent that the jugular blood was \rith fair consistencj' ex- 
cessively unsaturated during roughly the last two days of intoxication. The 
saturation of mixed venous blood in the rabbit was showm to decrease terminally. 
It is our opinion that these facts can best be explained on the basis of reduced 
blood flow rather than on the basis of incrc.ased oxygen utilization by the tissues. 

Arterial oxygen saturalion was studied in 7 unancsthetized rabbits (blood 
obtained by cardiac puncture) after receiving 3 mgni./kgm. HN2-HC1 intra- 
venously (a 2 LDjo). Since in this species no excessive unsaturation was pres- 
ent, this measurement was omitted in the dog. The average arterial saturation 
on 24 normal rabbits was 91.4 per cent. In into.xicated animals prior to death, 
arterial saturation in those surviving one day was 78.2, 85.8, and 83.7 per cent; 
sur^ving three days, 98.7 per cent; surviving four days, 91.7 and 95.1 per cent; 
and surviving five days, 85.7 per cent. Four of seven of these values are de- 
finitely low but not sufficiently reduced to warrant the conclusion that there was 
significant pulmonari' injuiy. 

Excluding a few animals with severe pulmonaij’ injuiy or infection as a 
complication, it is inferred that death is caused by anoxia of the respiratory 
centers as a consequence of peripheral circulatory failure precipitated chiefly 
by a reduction of blood volume attributable to loss of protein, electroljie and 
water through v’omiting and diarrhea, supplemented by loss of red cells through 
diarrhea and possibly unidentified channels. That undescribed pathologic 
changes maj’ contribute to the fatal effect is indicated by the fact that some ani- 
mals in which reduction of plasma and e.xtracellular fluid volume by the third 
day after intoxication was not prominent died at approximately the same time 
after intoxication and with identical signs ns did animals in which these changes 
were more marked. However, it must be pointed out that in the majority of 
cases these measurements were made routinelj'- on the third day of intoxication 
when, with some variation, the animals were quite sick, and since such studies 
were not continued until death, it is possible that before death a further fluid, 
protein and cell depletion may have occurred of sufficient extent to produce 
circulatory failure. Death from vascular collapse cannot be niled out in these 
animals. 

Renal clearance studies. Page (26) has adduced evidence that a vasocon- 
strictor substance appears in the blood of animals in which shock has been in- 
duced by tourniquet, trauma, hemorrhage or bum. Corcoran, Taj’lor and Page 
(27) have reported that the renal blood flow is decreased and the filtration frac- 
tion increased in dogs suffering tourniquet shock. Phillips et al (28) have found 
essentially the same response in dogs after either progressive hemorrhage or 
muscle trauma. These renal changes are consistent with efferent arteriolar 
constriction and are independent of changes in the systemic blood pressure.' A 

• Lauson, Bradley and Cournand (29) have found that a decrease in renal blood flow with 
no change in filtration fraction accompanies the fall in cardiac output in shock in man. 
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TABLE 2 


Jicnal clearances in fasting dogs intoxicated with HNS 


000 NO. 

TIME AITEK 
INTOXICATION 

KEAN 

ASTCSUAt 

BLOOD 

russrrsi: 

nZUATO* 

OUT 

yiLlXATlON 

SATE 

ETTECTIVE 

XENAL 

PLASUA 

PLOW 

rrrecTivE 

SCKAL 

BLOOD 

PLOW* 

yiLTJlATIOH 

rxAcnoNt 

120 

hfiurs 

Control 

mm. Bg 

% celts 

28.6 

ec./m^/min. 

G7A 
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effective renal plasma flow 
* Effective renal blood flow = 1 — hematocrit 


t Filtration fraction = 
t Survivor 


100 

filtration rate 

effective renal plasma flow 


study of renal blood flow and filtration rate was therefore undertaken to ascertain 
if evidence of vasoconstrictor substances is present in dogs intoxicated by HNS. 


They attribute these changes to increased renal resistance resulting from afferent arteriolar 

constriction. 
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Renal clearances, arterial blood pressure and hematocrit of 8 fasting female 
dogs determined at 24 hour intervals after intoxication bj’ HNS are given in 
Table 2. The renal blood flow increased to a greater or lesser extent at 24 hours 
or later in all 8 intoxicated dogs, falling to low values onb’ when circulator^’ 
collapse occurred and the mean arterial blood pressure had dropped to 70 mm. 
Hg or below. The filtration fmetion did not change significantly during intoxica- 
tion. With the terminal appearance of circulatory’ failure, a decrease in renal 
blood flow occurred with no consistent change in filtration fraction except in one 
dog (No. 120) in which this figure rose markedly. 

The alteration of renal blood flow in these animals is quite the opposite of that 
observed in tourniquet, hemorrhage or traumatic shock in dogs (26, 27, 28) 
and in one respect opposed to that obser\’cd in traumatic shock (afferent con- 
striction) in man (29). Wiereas in tourniquet, hemorrhage or traumatic shock 
in the dog, renal blood flow is decreased wth an increase in filtration fraction in 
most instances, indicating constriction of the efferent arterioles, in dogs after 
HN3 intoxication, renal blood flow is increased, indicating renal vasodilatation.^ 
The cause of such hyperemia is not known and cannot be attributed to the man- 
nitol used a.s a diuretic, for the rate of infusion of this substance was only 1.5 
cc./min. in both the control and e.xperimental periods. The present data do 
not permit conclusions regarding the locus of the renal vasomotor change, since 
the filtration fraction docs not change significantly, remaining within the mean 
normal value of ±2 <r (30). 

It is evident that progressive reduction in blood volume occurs in many 
animals intoxicated with HNS, yet despite this fact, arterial blood pressure is 
maintained wthin normal limits until the terminal phase, indicating that a 
compensatory mechanism is operating throughout this period to prevent hj’po- 
tension. Arbitrarily excluding a possible increase in cardiac output, this com- 
pensation ma}’ be assumed to be constriction of some large part of the vascular 
bed, such as is now demonstrated to occur in dogs (26) and man (21) in shock. 
The present clearance studies give no cadence that the renal circulation partic- 
ipates in this vasoconstriction. 

If it is further assumed that the kidneys would necessarily participate in 
vasoconstriction, were the latter due predominantly to the hiunoral agents indi- 
cated by the experiments of Page et al (rather than to neurogenic action), then 
the present results argue against the presence of such vasoconstrictor humoral 
agents in dogs intoxicated bj’ HNS. By extension of this argument, no support 
is obtained for the theor 3 ’ (31, 32) that terminal circulatory’ collapse is due to 
e.xhaustion of either the heart or arteriolar bed in consequence of prolonged bom- 
bardment by humoral vasoconstrictor agents. Despite terminal coma and 

r The fact that the renal clearance of PAH increased rather than decreased after intoxica- 
tion argues against any decrease in the extraction ratio of PAH, and thus against specific 
tubular injury by HNS, conforming with the conclusion of Crawford and Smith (22) that 
HN2 in an LD» dose does not specifically injure the excretory mechanism of the renal 
tubules of rabbits. 
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hlTJOtension, intoxicated dogs retain cardiovascular responsiveness to adrenalin 
repeatedlj- given intravenouslj'. 

Neurologic injury. No permanent neurologic injurj' has been demonstrated 
in dogs intoxicated by the intravenous injection of an LDjo of HN2. Too few 
dogs have sundved the LDrs of HNS administered bj* the same route to afford 
any information on this point. 

While cell counts. An LDjo of HN2 or an LDtj of HNS causes a leucopenia 
which is most marked on the fourth or fifth day after intoxication. The lympho- 
cjde count falls within 24 hours, while the granulocyte count is often increased 
at this time, decreasing at about 72 hours. In fatally intoxicated dogs, leuco- 
penia is progressive until death. However, the evidence would seem to indicate 
that this is coincident to rather than the cause of death. Relative to the LDeo 
of HN2, the dog and rabbit appear equally sensitive to the leucotoxic action. 
However, leucopenia is apparently not the cause of death in either species (20). 

Gross pathologic changes. The gross pathologic injurj' in dogs after intra- 
venous administration of either HN2 or HN3 is essentially the same as in rodents 
(20). Enteritis is the most notable and consistent change and is generally re- 
stricted to the small intestine.The severity of injurj' ranges from slight congestion 
with rare petechial hemorrhage to ulcers which nearly penetrate the muscular 
coat. The serosal surface over these areas is distended and there is a blue- 
black discoloration. Complete perforation has not been observed. A poor 
correlation exists between the severity of intoxication, or even the degree of 
intestinal hemorrhage, and gross changes in the intestinal mucosa. The gastric 
mucosa sometimes shows congestion grossly', possibly' referable to protracted 
vomiting, atony or reflex dilatation, but hemorrhagic or ulcerative lesions are 
seldom found in the stomach. The spleen is generally' contracted, diy and firm 
in appearance and hemorrhage is sometimes present. The thymus is variably 
contracted. The remaining abdominal and thoracic viscera are usually grossly 
normal. 

Histopathologic changes. Intestinal injury; In full development, the intestinal 
injury' is revealed as congestion and hemorrhage in the tips of the villi, dilata- 
tion of the crypts, which may be plugged with cellular debris, desquamation of 
the villus epithelium, reduction of the villi to stumps, squamous metaplasia of 
the epithelium and dilation of the villus lymphatics. The lesion is generally 
focal, in contrast to that in small animals (20), possibly reflecting variations in 
the blood supply' at the moment of injection of the toxic agent. 

Lymphoid injury. As shown by' the disappearance of ly'mphocy'tes from the 
spleen, thymus and lymph nodes, this is of variable severity' at 1.0 mgm./kgm. 
HN2-HC1 but constant and of moderate severity at 2 mgm./kgm. (2LD6o). 

hlyeloid injury. This is variable but usually moderately' severe after 1.0 
m^./kgm. HN2-HC1 up to 96 hours. After 2.0 mgm./kgm., the hemato- 
poietic injury' is more marked, the femoral marrow' being virtually devoid of cells 
nfter 100 hours. 

Evaluation of fluid loss. Fluid, electrolyte and colloid therapy: The results of 
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subcutaneous fluid and electrolyte on mortality and survival time after HN2 
intoNication are given in Table 3. It is apparent that fluid replacement begin- 
ning at the time of intoxication and continued during critical illness maj' reduce 
the toxicity of an LDjo of HX2 given intravenously. Glucose and sodium lac- 
tate do not seem to be an improvement over saline alone. More impressive than 
the statistical difTerence between treated and the untreated series is the dramatic 
temporary' benefit sometimes achievctl wlien saline or saline plus glucose are 
instituted intravenously in extremely ill and comato.‘-e animals, ivhich are fre- 
quently brought out of deep coma by this means. That saline alone adminis- 
tered cither intravenously or subcutaneously would not be sufficient to effect 
recoverj’ is, however, indicated a priori by persistent intestinal hemorrhage and 
the probable loss of plasma protein in the diarrhea. Other therapeutic agents 
such as amino acids, glucose and \itamin B complex have been tested tentatively 
after intoxication by HN2 without promise of success. 

The results of intravenous fluid, electrolyte, and colloid therapy on mortality 
and survival time after the intravenous injection of 1.0 mgm./kgm. of HN3 
are given in Table 3. The number of animals receiving the various forms of 
therapy is too small to u-arrant conclusions as to the effect on mortality. How- 
ever, the data suggest that intravenous infusions may actually be disadvantage- 
ous because they aggravate the diarrlica, confirming impressions based on in- 
dividual animals. Tliere is no p.athologic evidence of pulmonary edema from 
overdosage of saline. 

Occlusion of the circulation to the small intestine. The circulation to the small 
intestine of 20 dogs u-as occluded during and for 15 minutes following the in: 
travenous injection of 1.0 mgm./kgm. of 11X3 -HCl. All operated dogs were 
permitted water 12 hours after operation and were offered milk, meat, and de- 
hydrated dog food 24 hours after operation. During the course of intoxication, 
6 of 20 dogs received no therapy, while 10 of 20 received subcutaneous saline and 
4 of 20 dogs received intravenous Amigcn and glucose. Two dogs undenvent 
intestinal clamping for a comparable period, but received no HiV3 (operated, 
normal dogs). Since the post-operative period in these two dogs was uneventful 
and devoid of S3’mptoms, the clamping procedure per sc can be eliminated as a 
contributory factor in the death of the operated intoxicated dogs. The effect 
of the anesthetic, nembutal, on the course of intoxication cannot be assessed 
here, for no animals under nembutal M-ere intoxicated without clamping. 

Occlusion of the circulation to the small intestine partially protected the is- 
chemic area from the pathologic effects of HS3. The unprotected portions 
(stomach, duodenum and large intestine) were affected ns in non-operated ani- 
mals. Post mortem examination revealed satisfactory protection of the small 
intestine and no gross evidence of complication. 

With no therapy. Six of the 20 operated dogs received no therapy throughout 
intoxication. In these animals, vascular occlusion was sufficient to prevent the 
extensive diarrhea and consequent fluid loss from the intestine which character- 
izes the clinical picture in non-operated animals (Table 1). The average sur- 
\'ival time was significantly prolonged, but ultimate mortality -was unaffected. 
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Anorexia and vomiting were occasionally present to a small degree and weight 
loss was less marked than in unoperated animals at 72 hours after intoxication. 

In these 6 dogs, and in the 2 dogs which undenvent intestinal clamping for a 
comparable period but received no HN3 injection (operated, normal dogs), 
blood volume was determined 24 hours before the operation, and at 24 hour 
intervals thereafter for three daj"s. Extracellular fluid volume was determined 
24 hours before and 72 hours after the operation. Daily red and white cell 
counts were made. No significant changes occurred in the operated normal 
dogs. However, in the operated, intoxicated dogs, a parallel reduction of plasma 
and extracellular fluid volumes and of total circulating plasma protein occurred. 
The most pronounced change was found within 24 hours after the operation, with 
a return to appro-ximatelj' the pre-operation level by 48 hours. A further re- 
duction occurred between 72 and 96 hours, even in the absence of diarrhea. -At 
72 hours, fluid and protein loss was less marked in the operated group than in the 
unoperated group receiving a comparable dose of HN3 intravenousl}' (Table 1). 
The clinical appearance in operated animals obsen-ed at death ivas essentially 
the same as in the non-operated series. A significant leucopenia was present by 
72 to 96 hours in the operated, intoxicated dogs, comparable to that seen in un- 
operated dogs intoxicated by an LDm of HN2. 

Suhcutaneoiis saline. Clinical obsenmtions alone were made on 10 dogs 
operated and injected with HNS and given 800 cc. of isotonic saline subcutane- 
ously per day for at least three days following the operation, together with a 100 
nigm. capsule of vitamins A and D and a 100 mgm. tablet of vitamin B complex. 
In this series, vomiting and diarrhea were more pominent than in operated ani- 
mals receiving no therapy (Table 1). However, vomiting and diarrhea were not 
as severe as in unoperated animals. Except for increased fluid loss, the symp- 
toms and pathology of the operated animals were unaltered after subcutaneous 
saline. 

Parenteral feeding of Amigen and glucose. Since anorexia and weight loss were 
present in dogs intoxicated by HNS, the extent to which weight loss could be 
attributed to inadequate nourishment has remained unsettled, in that intestinal 
absorption may have been impaired. This suggested a study of animals receiv- 
ing adequate nutrition by a parenteral route. The daily caloric requirements for 
this series was estimated at 45 calories/kgm./day. The protein requirement 
Was calculated as 1.0 gram/kgm./day and was supplied by the intravenous 
infusion of Amigen® as a 5 per cent solution in 5 per cent glucose in normal dogs, 
nnd as a one per cent solution in glucose in intoxicated dogs. The remaining 
calories (41 calories/kgm./day) were supplied intravenously by a 25 per cent 
solution of glucose in the normal dogs, and by an 8 per cent solution in the 
intoxicated animals. Approximately 4 grams of sodium chloride per day w'ere 
Si'en m this infusion. All animals received adequate amounts of vitamin B 
Complex® intramuscularly. In addition to water ad libitum the fluid given par- 

• ^nrymatic casein-pancreas hydrolysate marketed by Mead Johnson Co., Evansville, 
UiQiana. 

Obtained through the courtesy of Lederle Laboratories, Pearl River, N. Y. 
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cntcrall}’ totalled approximately 100 cc./kgm./day. Bod 3 ’ weight was salis- 
factorilj’ maintained in normal dogs on this regime, and significant weight loss 
was not present until 24 hours preceding death in intoxicated animals. Vomiting 
was present and marked in both normal and intoxicated animals receiving Amigen, 

TABLE 3 


The effect of parenteral fluid, electrolyte, and protein therapy on mortality and turcical time of 
dogs intoxicated by the intraccnous injection of BNS or HNS 
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sodium laetatc, s.c. 
sodium lactate, s.c. 
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5% bovine albumin and 5% glucose 
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in saline i.v.f 
acacia in glucose, i.v. 

II 
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acacia in saline, i.v. 
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83.0 
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human plasma} i.v. 
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100.0 
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human plasma and saline, i.v. 

3 

100.0 


HN3 

1.0 


dog plasma, i.v. 
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VJJUl 





S% gelatin,!! i.v. 

2 

50.0 

84 




S% gelatin and 5% glucose in 

3 

100.0 

104 




fialino, i.v. 







none 

n 

100.0 

122 



Operated,t 

Intoxicated 

800 CO. saline s.c./day 

M 

90.0 

106 



1 

5% Amigen in 5% glucose, i.v. 

n 

100.0 

94 


* B.c. ■= Bubcutaneoua injection. 

t i.v. -= intravenouB injection. 

t operation occlusion of circulation to small intestine during and for 15 minutes after 
the intravenous injection of HNS-HCI. 

§ “Lyovac” ■= rapidly lyophilized normal human plasma was obtained from Sharp and 
Dohme, Philadelphia, Pa. 

II Administered as an 8 per cent solution from Edible Gelatin Manufacturers Research 
Society of America, Inc. Lot No. 87. 

though diarrhea was absent. Survival time in the latter was not prolonged and 
mortality was unaffected (Table 3). A marked fall in plasma volume and total 
circulating protein occurred in 2 of 4 animals examined (Table 1). These 2 dogs 
died within an hour of the determination. The 2 animals in which no significant 
change in these values occurred survived 24 to 48 hours after the determination. 
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SUMMARY' AND CONCLUSIONS 


Dogs were intoxicated by the single intrax^enous injection of 1.0 mgm./kgm. 
of the hydrochloride of methyl-6fsOS-chIoroethyl)ainLne (HN2 HCl) or iris- 
(fl-ch]oroethyl)amine (HNS -HCl). Mortality, sundval time, changes in blood 
and plasma constituents and properties, changes in body water compartments 
and renal function were studied with the intent of ascertaining the cause of death. 

Vomitmg accompanied by anorexia begins within a few hours after intoxica- 
tion, increasing in severity and generally continuing through the second and third 
day. Diarrhea, usually blood-stained or frankly hemorrhagic, is generally pres- 
ent on the second to fourth days. 

Biochemical and water balance data reveal reduction in volume of both ex- 
tracellular fluid and circulating plasma, reduction in plasma chloride concentra- 
tion, increase in carbon dioxide capacity and blood pH, reduction of total circu- 
lating plasma protein, increase in concentration of plasma protein, indicating a 
greater loss of plasma water than protein, a variable reduction in total circulating 
red cell volume which may be accounted for by intestinal hemorrhage or possible 
in ttivo sequestration (although this has not been indicated in this study), a 
vanahle increase in hematocrit, and a variable increase in hemoglobin or oxygen 
capacity. These changes are at least in part attributable to profuse vomiting 
and diarrhea. 

Reduction in body weight results from e.xcessive fluid and protein loss and is 
more extensive than that due to starvation alone. 

Terminal weakness and coma, preceding death, occur in the majority of 
dogs on the third to fifth day after intoxication and are associated rvith low mean 
femoral arterial blood pressure, marked oxygen unsaturation of jugular blood 
(with presumably normal arterial oxygen saturation), reduction in body tempera- 
ture, coldness of extremities, relaxation of the anal sphincter, and repiratory 
failure. 


Excluding a few animals with severe pulmonary injury or infection as a com- 
plication, it is inferred that death is caused by anoxia of the respiratory centers 
^ a consequence of peripheral circulatory failure precipitated chiefly by a re- 
duction in blood volume attributable to loss of proteins, electrolytes, and water 
through vomiting and diarrhea, supplemented by loss of red cells through as yet 
JWidentified channels. Undescribed pathologic changes may contribute to a 
atal effect. No support is obtained for the theory that terminal circulatory 
collapse is due to exhaustion of either the heart or arteriolar bed, in consequence 
of prolonged bombardment by humoral vasoconstrictor agents. Despite ter- 
uunal coma and hypotension, intoxicated dogs retain cardiovascular responsive- 
ucss to adrenalin given intravenously. 

No evidence was found for renal vasoconstriction during intoxication. Renal 
ood flow, as judged by the clearance of p-aminohippuric acid at low plasma 
c'Tls, actually increased in dogs at 24 hours or later. However, terminally 
When circulatory failure occurred, renal blood flow decreased to low values. 
With no consistent change in filtration fraction. 
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enterally totalled approximate!}- 100 cc./kgm./day. Bod}- weight was satis- 
factorily maintained in normal dogs on this regime, and significant weight loss 
was not present until 24 hours preceding death in intoxicated animals. Vomiting 
was present and marked in both normal and intoxicated animals recei'ving Amigen, 

TABLE 3 


The rfecl of parenteral fluid, electrolyte, and protein therapy on mortality and turvical time of 
dogs intoxicated hy the intravenous injection of HNS or HNS 
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93 



Intoxicated 
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84 
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Operated,! 

800 cc. ealine B.c./day 

10 

90.0 

106 



Intoxicated 

5% Amigen in 5% glucose, i.v. 

4 

100.0 

94 


* 8.C. «= subcutaneous injection, 
t i.v. = intravenous injection. 

t operation = occlusion of circulation to small intestine during and for 15 minutes after 
the intravenous injection of HNS-HCl. 

§ “Lyovac" = rapidlj- lyophilized normal human plasma was obtained from Sharp and 
Dohme, Philadelphia, Pa. 

II Administered as an 8 per cent solution from Edible Gelatin Manufacturers Research 
Society of America, Inc. Lot No. 87. 


though diarrhea was absent. Survival time in the latter was not prolonged and 
mortality was unaffected (Table 3). A marked fall in plasma volume and total 
circulating protein occurred in 2 of 4 animals examined (Table 1). These 2 dogs 
died within an hour of the determination. The 2 animals in which no significant 
change in these values occurred survived 24 to 48 hours after the determination. 
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SUMMARY AND CONCLUSIONS 


Dogs were intoxicated by the single intravenous injection of 1.0 mgm./kgm. 
of the hydrochloride of methyl-his(/3-chloroethyl)ainine (HN2 HCl) or tris- 
(P-chloro6thyl)an!une (HNS -HCl). Mortality, survival time, changes in blood 
and plasma constituents and properties, changes in body water compartments 
and renal function were studied with the intent of ascertaining the cause of death. 

Vomiting accompanied by anorexia begins within a few hours after intoxica- 
tion, increasing in severity and generally continuing through the second and third 
day. Diarrhea, usually blood-stained or frankly hemorrhagic, is generally pres- 
ent on the second to fourth days. 

Biochemical and water balance data reveal reduction in volume of both ex- 
tracellular fluid and circulating plasma, reduction in plasma chloride concentra- 
tion, increase in carbon dioxide capacity and blood pH, reduction of total circu- 
lating plasma protein, increase in concentration of plasma protein, indicating a 
greater loss of plasma wrater than protein, a variable reduction in total circulating 
red cell volume which may be accounted for by intestinal hemorrhage or possible 
tn vivo sequestration (although this has not been indicated in this study), a 
vanable increase in hematocrit, and a variable increase in hemoglobin or oxygen 
capacity. These changes are at least in part attributable to profuse vomiting 
and diarrhea. 

Reduction in body weight results from excessive fluid and protein loss and is 
®ore extensive than that due to starvation alone. 

Terminal weakness and coma, preceding death, occur in the majority of 
dogs on the third to fifth day after intoxication and are associated with low mean 
lemoral arterial blood pressure, marked oxygen unsaturation of jugular blood 
(with presumably normal arterial oxygen saturation), reduction in body tempera- 
hira, coldness of extremities, relaxation of the anal sphincter, and repiratory 
failure. 


Excluding a few animals with severe pulmonary injury or infection as a com- 
plication, it is inferred that death is caused by anoxia of the respiratory centers 
^ a consequence of peripheral circulatory failure precipitated chiefly by a re- 
uction in blood volume attributable to loss of proteins, electrolytes, and water 
rough vomiting and diarrhea, supplemented by loss of red cells through as yet 
Unidentified chaimels. Undescribed pathologic changes may contribute to a 
ntel effect. No support is obtained for the theory that terminal circulatory 
nnUapse is due to exhaustion of either the heart or arteriolar bed, in consequence 
prolonged bombardment by humoral vasoconstrictor agents. Despite ter- 
minal coma and hypotension, intoxicated dogs retain cardiovascular responsive- 
adrenalin given intravenously. 

No evidence was found for renal vasoconstriction during intoxication. Renal 
ood flowj as judged by the clearance of p-aminohippuric acid at low plasma 
6'els, actually increased in dogs at 24 hours or later. However, terminally 
. circulatory failure occurred, renal blood flow decreased to low values, 
''u no consistent change in filtration fraction. 
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Two general methods have been used in an attempt to evaluate the significance 
of fluid loss in intoxicated animals. 1) Replacement of fluid, electrolyte, and 
protein by various methods, although apparently prolonging life in some in- 
stances, has proved unsuccessful in preventing death. Under sueh therapj’, 
diarrhea was aggravated. 2) Protection of the small intestine bj' occlusion of 
the circulation during and for 15 minutes after the intravenous injection of the 
toxic agent prevented the extensive diarrhea and consequent fluid loss from the 
intestine, and prolonged the average survival time slightly, but without affect- 
ing the ultimate mortality. Parenteral feeding of these “protected" animals 
with Araigen and glucose did not alter survival time or mortality, although 
diarrhea was absent, and loss of body weight was reduced. 
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Despite the extensive investigations concerning the nutritional • 

aspects of the amino acids, fen- data are available on the.r P’>"rm“odj na^ic 
action. Hondo (1, 2) reported that arginine inhibited ‘=“"^r‘''’‘'°"L;n„r)brine. 
lated frog or toad heart but markedly potentiated t le ac mn o 
The inhibitorj- action of arginine was confirmed bj- Sigg ( ), '' v -t 
effects of various amino acids and amines on the frog an le r gj 

ginine or histidine alone was without effect on the vascu ar one o 
rabbit ear (4), but increased the vasoconstrictor action o epinep n ’ ’ j. 

Sensitii-ity of the vascular system to histamine was re uce j -g™ this 
ing to Ackermann (8), however, Rocha e Silva ( 9 ) was unable confirm 
observation. The latter investigator noted that histidine per 

Arginine or histidine undoubtedly inhibits the action of t jj 

latedintestineanduterus, but the influence of these ammo aci son Prerjuer 

action has been found to be variable (10-14). However, Mackay (15 , Credner 
and Schumrick (16) and Rocha e Silva (9) reported argmme ^ 

effective inhibitors of acetyl choline and histamine m e is ^ \ 

The present communication deals with the action o ^ ® ^ " -pjjg 

(-f ) histidine, 1 (+) arginine and 1 (+) lysine on the lear an m 
amino acid solutions were prepared from the monohydrochlonde salts and 
concentrations are expressed on this basis. vrpmrpd 

Effect on the isolated fbog heart. Isolated frog lear 
according to the technique of Straub. AH ammo acid stoc ' so u m . . 
series of experiments were adjusted to pH 7.4. The addition ^ 

lysine to the Ringer’s solution in the standpipe immedia e y epre 
action. On the other hand histidine cau^d a slight '"“ease m a 

amplitude. Concentrations as low as 0.7% arginine oi ■ % Vipirt rate 

transient decrease in the amplitude with no significant c ange aption of 

or tone (figure 1). Higher concentrations accentuated t e epre fijastolic 

arginine and lysiL and at certain threshold values p 1 as follot : 

standstill. These minimal paralyzing concentrations (hi- • •) " 
arginine 1.5% (0.071 M.) and lysine 4.5% (0.25 M.). n con ra y* j 

hibitory effects histidine caused a slight improvement o t m action 

even at concentrations as high as 4% (0.21 M., figure 2) . le p 

•Present address, G. D. Searle & Co.. P.O. Box 5110. Chicago 80, Illinois. 
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of arginine and lysine was reversible for the nonnal beat returned when the 
amino acid solution was replaced by fresh Ringer’s solution. 

The stimulating action of ouabain (50 7 per ml.) or epinephrine (1 7 per ml.) 
gave way to an immediate paraly.sis on addition of the IVl.P.C. of arginine or 



Fio. 1. Action of lysine IICl 1.59c solution (pH 7.1) on the isolnted frog heart, given at 3 
Time interval 10 seconds. At; A, B, C the kymograph was stopped for 3 minutes; D for 
C minutes. 



Fio. 2. Action of basic amino acids at pH 7.4 on the isolated frog heart. Time interval 
10 seconds. At: (1) 2% arginine (pH 7.4); (2) 5% Ivsine (pH 7.4); (3) 0.2% histidine (pH 
7.4). 


lysine. On prolonged contact with arginine or lysine at concentrations slightly 
below M.P.C., the heart “escaped” from the inhibition with subsequent de- 
creased rate and increased amplitude (figure 1). When the amino acid solution 
was removed from an “escaped” heart and tested on a fresh heart preparation, 
an immediate inhibition resulted indicating that no significant change in the 
depressant activity of the solution had occurred. Experiments with sodium 
chloride and with glucose solutions equi osmotic with those of the basic amino 
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acids indicated that the observed effects were not a result of “salt action”. 
Treatment of the heart with atropine (50 y per ml.) did not inhibit the depressant 
action of the amino acids although scnsitiviU' to mecholyl (acetyl-/S-methyl- 
choline chloride) was abolished. 

Effects on blood tressube and he ^rt in situ. Tor the e\pcriments on blood pressure, 
heart rate and heart action, cats «crc anesthetized with sodium pentobarbital (35 to 40 mg. 
per hg ) intraperitoncally Carotid blood pressure was recorded in the usual way using 
mercury manometer. Changes in heart rate were recorded graphically ns described by 
Kniazukand Unna (17). .AH solutions were administered by injection into the femoral vein 



■tMtm miHi ij IA4J uMrrB bhu ■ 1U1 m ut inhunaou 

z ^ :: 

tizS*^' on blood pressure (Bp) and heart rate (HB, beats per minute) of anesthe- 

011 ■ Ijsine or arginine administered at pif 7.4. Time interval 10 seconds. At: 

' ymne and (2) arginine, 475 mg /kg I V 

In certain e\periments the heart action was recorded by a Cushny myocardiograph at- 
'!ned to the right ventricle, pulmonar}' ventilation being maintained with a respiration 
pump In order to record the heart rate in these experiments, the pick-up electrode of the 
fncorder was attached directly to the myocardiograph 

Ih the anesthetized cat, aigmine or lysine administeied rapidly as a 16^ 
0 ution buffeicd to pH 7 4 had a hypotensive action accompanied by a simul- 
®neous decicase m the heait rate and amplitude (figiiic 3) Histidine, at the 
^hie pH, lesulted in a slight lise in blood picssute with no appaient action on 
c heart (figtiie 4) Howcvei as the monohydiochloiide, histidine (pH 4 0) 
"ell as aigmine (pH 5 G) and lysine (pll 5 5) exhibited these hypotensn e and 
caidio-depiessoi effects (figuie 5). Atropine sulfate (0 2 mg pei kg ), intra- 
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venouslj', did not alter tlie action of the basic amino acids on the heart or blood 
pressure. 

Arginine and lysine (monohydrochloride or at pH 7.-}) in doses of 400 to 500 
mg. per kg. caused a sharp decline in blood pressure of about 50 mm. Hg with a 
coincident reduction of the cardiac rate and amplitude (figures 3, 5). Arginine 
had a more marked elTcct on the heart muscle than Iv’sinc and caused observable 
dilatation with a decrease of 40% in the amplitude and 15% in the rate. 
The return of the heart action and the blood pressure to normal was delayed for 
as long ns eight minutes during which time Traub-Herring waves frequently ap- 
peared. Lysine caused a mild dilatation of the heart and only a slight reduction 



I 2. 

Fio. 4. Effect on blood prc.ssurc (Bp), heart rate (IIB, beats per minute) of anesthetized 
cat due to histidine administered at pH 7.4 or 4.0. Time interval 10 seconds. At: (1) 
histidine (pH 7.4), 210 ing./kg., I.V.; (2) histidine (pH 4.0), ISO mg./kg., I.V. 

in the cardiac rate and amplitude. Recoverj' after lysine injection required only 
one to throe minutes. 

With histidine hydrochloride, 50 to 175 mg. per kg. resulted in a 50 mm. fall 
in blood pressure followed by a rapid return to normal. At the higher doses an 
e.xtreme bradycardia and reduction in amplitude occurred (figurc 5). In fact on 
direct observation it was noted that the heart stopped with marked dilatation 
for about five seconds after administration of this amino acid. (Since the heart 
rate recorder counts for ten second cycles, this severe condition could not bo 
recorded graphically.) Rccoveiy of the heart was quite rapid, paralleling that 
of the blood pressure. As mentioned previously, these effects were not observed 
when histidine was administered at pH 7.4 Owse). A comparison of the action 
of histidine as the base and monohyrlrochloride is given in figure 4. 
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Blood pH> and respiration were recorded in conjunction with several of these 
experiments on the blood pressure and heart rate. Injection of the monohydro- 
chloride of arginine, Ij'sine or histidine caused a slight reduction in blood pH 
(0.20 to 0.25 units) and the usual fall in blood pressure and heart rate. In 
addition, histidine HCl markedly increased the respiratorj' volume but lysine 
HCl or arginine HGI caused little change, ^^'^^en the basic amino acids were 
administered in a solution buffered to pH 7.4 no change in respiratorj' volume or 
blood pH was noted and histidine showed no hj'potensive or bradycardial action. 



‘’f basic amino acids on blood pressure (Bp), heart rate (HB, beats per 
Bra action of anesthetized cat. Time interval 10 seconds. At: (1) histidine 

140 mg./kg. (pH 4.0) I.V.; (2) and (3) arginine HCl (pH S.6) and lysine HCl (pH 
5.5), respectively, 375 mg./kg., l.V. ' ^ ^ 

Hydrochloric acid at the same molar concentration as that of the 15 per cent 
TOonohydrochloride solution (0.79 m, pH < 1) caused no significant change in the 
ood pressure, heart rate or respiration but decreased the blood pH to the same 
®xtent as did the amino acid salts. 

Effect of slow infusion on blood pressure and heart action in situ. 
istidine HCl was used in all intravenous infusion studies. A total of 400 mg. 
per kg. was administered as a 4.05% solution by means of an infusion pump at 
rates varying from 25 to 145 mg. per kg. per min., requiring from 2.0 to 10 min- 

The blood pH was recorded by a special glass electrode placed in the inferior vena cava 
above the level of the kidneys. 
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utes for administration. Individual animals showed marked variations in the 
blood pressure response, but changes in the heart rate and action were similar at 
like infusion speeds. Administered at the rate of 25 mg. per kg. per min., his- 
tidine HCl had no apparent cfTcct on the blood prc.ssurc or cardiac rale. In- 
creasing the rate of administration above this point resulted in depression of the 
cardiac rate and action and frequently the blood pressure (figure 0). Decreased 
amplitude accompanied by dilatation of the heart was the first sign of cardiac 
depression and at the faster infusion rates appeared within 30 seconds. Brady- 
cardia became evident shortly thereafter, but this inter\-al may be an artifact 
when one considers the time cycle of the heart rate counter. When a fall in 
blood pressure occurred, it was usu.ally observed shortly after the cardiac effects 
were initiated. Depression persisted for the duration of the infusion and could 
not be antagonized by 10 y of epinephrine administered intravenously. After 



Fia. 0. Effect of infusion of histidine HCl on blood pressure (Bp), heart action, and heart 
rate (HB, beats per minute) of anesthetized cat. Time interval 10 seconds. At: (A)-(C) 
infusion of histidine HCl (pH -1.0), 1-13 mg./kg. per minute (total .100 mg./kg.). (B and 
C) 10 y epinephrine I.V. (infusion started 45 seconds before A). 

the administration of histidine HCl was discontinued, seven or more minutes were 
required for the maximum recoverj' of the cardiac rate, amplitude and tone. 
However, the heart did not recover completely, indicating a more than transitorj’ 
inhibition or weakening of the musculature. Atropinization did not alter the 
effects of the histidine HCl infusion. 

Effects on the isolated intestine. In the studies on the isolated intestine 
of the rabbit the technique of DIagnus was used. The duodenal segment (3 
cm.) was suspended in continuouslj' oxygenated Locke-Ringer’s solution (pH 
7.8) maintained at a temperature of 39°C. Mecholyl (0.02 y to 0.1 y per ml.) 
was used as a parasympathetic nervous S 3 'stem stimulant while barium chloride 
(25 7 to 50 7 per ml.) served as a muscle stimulant. These agents produced a 
like spasm at the aforementioned concentrations. iMccholjd could easib' be re- 
moved by rinsing, permitting several tests to be run on the same strip but barium 
chloride was difficult to wash out and a new strip was required for each test. 
All amino acid stock solutions were adjusted to pH 7.4 and warmed before add- 
ing to the test bath. 
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Arginine, histidine or lysine at a concentration of 0.75 to 1.5% lowered the tone 
of norm.nl intestinal strips and inhibited or counteracted the contractions pro- 
duced by mecholyl or barium (figure 7). Xo effect on the rhythmic contractions 
was noted. It was indicated that these amino acids also reduce the sensitivity 
of the intestine to histamine. Arginine and lysine appeared somewhat more 
effective than histidine in lowering the tone of the duodenal segment. Appar- 
ently the inhibitorj' effects are revei'siblc because on washing with fresh Locke- 
Ringer’s solution the segment returned to noi-mal length and demonstrated a 
normal sensitivity to barium or mecholyl. The basic amino acids were slightly 
more effective in inhibiting the mecholyl effect than the barium effect. Addi- 
tion of an amino acid to the bath enhanced the rela.\ing effect of epinephrine 
(0.1 7 to 1 7 per ml.). Atropine at a concenti-ation that counteracted the con- 
tractions due to mecholyl (O.Ol y to 0.1 y per ml.) had no effect on those due to 


% 
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Fig. 7. Action of arginine and lysine on isolated rabbit duodenum. Time interval 1 
minute. At: (I) mecholyl 0,01 -r /ml., (2) 1.13% arginine (pH 7.4); (3) barium chloride 
^ 7 /ml., (4) 0.75% lysine (pH 7.4) ; W-wasb. New strips were used for each experiment. 

bariunij but an immediate relaxation was effected by addition of any of the basic 
^mino acids. 

Effect ox the intestine ix situ. Fasted rabbits anesthetized with 30 mg. per kg. of 
Jicmbutal were used for these experiments. A combination of the balloon and mechanical 
fiver methods permitted separate recording of circular and longitudinal contractions. For 
recording circular contractions a balloon about 4 cm. in length was introduced into the 
duodenum through an incision in the pyloric region and passed caudal to a position about 
15 cm. donn the length of the duodenum. Longitudinal contractions were recorded \rith 
a modified form of Jackson's "internal organ apparatus" (18) attached to a 2 cm. segment 

the duodenum slightly below the end of the balloon. A metal trough, from the instru- 
ment covered this segment and eliminated the possibility of artifacts due to the movements 
fif the abdominal \nscera. Tension was maintained by a light weight on the recording heart 
mver. All test solutions were administered at 15% concentration directlj’ into the jugular 
vein. The effects of barium cliloride and mecholyl were used as controls for increased tonus 
^^d motilitj' of the gut. 

Arginine and ly.sine injected as flic monohydrocliloridc or at pH 7.4 rela.xed 
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the segment, decreased tiie tonic longitudinal contractions and compieteli’ in- 
hibited contractions of the circular muscles. Histidine at this pll had no ap- 
parent effect on the intestinal mu.sculaturc in cilu in contrast to the inhibition 
observed in the isolated segment. On the other hand, the monohydrochloridc 
of histidine showed an action similar to that observed for arginine or lysine but 
caused a .short spasm of the circi/far mmscles. 

Following the administration of 250-300 mg. per kg. of arginine or lysine there 
was an immediate elongation of the duodenal segment and a reduction in the tonic 
longitudinal contractions. Xormal tone and contraction returned in from S to 
10 minutes. The circidar muscles were paralyzed and this effect persisted for 
the duration of the e.xperiment. Even after barium stimulation (5 to 10 mg. per 



! 
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Fig. 8. Action of histidine HCI and arRininc IICI on intestino in situ of anesthetized rab- 
bit. Time interval 1 minute. At: (1) 100 mg./hg. histidine HCI (pH 4.0) I.V. (2) 250 
mg./kg. arginine HCI (pH .5.0) I.V. 


kg.), arginine and Ij'sine rapidly paralyzed the circular muscles and reduced 
slightl 3 ' the tonic contractions and tone level of the longitudinal muscles. 

Histidine HCI, in doses of 50 to 100 mg. per kg. rela.xed the longitudinal 
muscles and reduced their tonic actiidtj' as did arginine and l 3 'sinc (figures). At 
the same time there was a spasm of the circular muscle lasting for about 15 sec- 
onds. No apparent effect on the rate or height of peristaltic contractions was 
noted. After barium, histidine IICI rela.xed the longitudinal muscles slightl 3 ' but 
did not affect the heightened activit 3 ’ of the circular muscles. 

When the dose le^-els of tlie basic amino acids used in this scries of e.xperi- 
ments inhibited the intestinal activit 3 % cardiac action was also depressed as 
evidenced b 3 - simultaneous recording of the heart rate and tfic intestinal acti\'it 3 ’. 

Discussion. Arginine and l 3 'sine were found to depress the isolated frog heart 
while histidine exerted a stimulating action. These findings arc in accordance 
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ivith those reported by Sigg (3) and Kondo (1, 2). However, the latter author 
found that arginine acts sj'nergistically with epinephrine in strengthening the 
beat although when administered alone it paralyzes the heart. In our e.xperi- 
nients arginine and lysine antagonized the action of epinephrine on the isolated 
heart. In both the isolated and in situ experiments it was indicated that these 
amino acids probably act djrectly on the heart and blood vessels since their action 
was not abolished b}' atropinization. 

Studies on the intestine of the rabbit in situ revealed a fundamental differ- 
ence between the action of histidine HCl and the other two basic amino acids. 
-Although they all rela.xed the longitudinal muscles of the duodenum, histidine 
HCl caused a spasm of the circular muscles and did not affect the rhythmic 
contractions while arginine and lysine inhibited all activity of the circular 
muscles. This “splitting action” noted for histidine HCl has recentlj' been 
demonstrated with several compounds of a pyrolidine series by Loomis and 
Schaffer (19) and with morphine by Trendelenberg in 1917 (20). 

The difference in the action of arginine and lysine as compared with histidine 
on the isolated heart might be interpreted as a “specific” effect of these com- 
pounds. However, another factor to consider is the amphoteric nature of the 
ammo acid molecule. Since each of the basic amino acids has a different iso- 
electric point (arginine pH 10.8, lysine pH 9.7 and histidine pH 7.6) the state of 
ionization of the basic and acidic groups of each will differ at a given pH. Ar- 
ginine or lysine at pH 7.4 is on the acid side of its isoelectric point and acts as a 
nation. Histidine at this pH approximates its isoelectric point and therefore 
acts as a “zwitterion”. 

The experiments on the isolated intestine do not follow those on the isolated 
heart because the isolated intestine is relaxed by histidine in solution at pH 7.4. 
Roche E Silva (9) and Ackennann and Wasmuth (21) suggested that the imine 
{= NH) group of histidine and arginine must be free to inhibit the action of his- 
tamine on the isolated intestine. It is assumed that the imine group of these 
ammo acids competes with the like group of histamine for certain chemical recep- 
tors of smooth muscle. This, however, does not explain the inhibition of mech- 
olyl action by the amino acids nor their synergism with epinephrine in the isolated 
intestine. 

In situ, histidine at pH 7.4 had no significant effect on the blood pressure, 
heart or intestine but as the monoh 5 'drochloride salt (pH 4.0), a marked depres- 
sion was observed. In view of the slight decrease in the blood pH (0.25 units) 
It might be assumed that the actions attributed to histidine HCl are a result 
of acidosis. The following obsenmtions do not appear to support this premise: 
(1) only histidine HCl caused an increase in respiratory volume; arginine and 
fysine had no apparent effect at the same pH as the histidine HCl solution (pH 
■t-0), (2) hydrochloric acid at the same molar concentration as the histidine 
hydrochloride solution (0.79m., pH < 1) was devoid of any blood pressure, cardiac 
oi respiratory' effect, but did decrease the blood pH to the same e.xtent as the 
umino acid solution, (3) arginine and lysine in solutions at pH 7.4 had the same 
hjpotensive, bradj'cardial and intestinal relaxing action as noted with the hydro- 
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chloride salts, but caused no change in blood pH. An e.\cess of ionized basic 
groups does not seem an adequate explanation for the change in the action of 
histidine in the in situ e.\periments because even when histidine salt at pH 4.0 
is injected, the base is rapidly formed on contact nith the buffer systems of the 
blood and reaches the tissue as the base. 

The fact that histidine solutions do not cnu.se a fall in blood pressure at pH 
7.4 precludes the possibility of histamine contaminations for the latter is de- 
pressant at that hydrogen ion concentration. 

SUSIMARY AND CONCLUSIONS 

1 . Arginine and b’sine at pH 7.4 paralyze the isolated frog heart and antagonize 
the stimulating action of ouabain and epinephrine. Histidine has a slight 
stimulating action. 

2. Intravenous injection of arginine or lysine at pH 7.4 or ns the monohydro- 
chloride (pH 6.G and 5.5 respcctiveljO depresses the heart rate and action as 
well as the blood pressure in the anesthetized cat. At pH 7.4 histidine (base) 
has no apparent action, but as the monohydrochloride salt (pH 4.0) exhibits 
the same depressant action as arginine and lysine. 

3. Slow intravenous infusion of histidine HCl into the cat causes a gradual 
decline of the heart rate and action and frequently the blood pressure. 

4. These amino acids appear to act directly on the muscles of the heart and 
blood vessels. 

5. In the isolated rabbit duodenum the basic amino acids at pH 7.4 reduce 
the tone of the longitudinal muscles but do not affect the rhythmic contractions. 

6. In situ, the longitudinal duodenal muscles of the rabbit are relaxed and 
peristalsis inhibited by arginine and lysine at pH 7.4 or as the monohydrochloride. 
Histidine base (pH 7.4) has no such effect, however, the monolo'drochloride 
injection results in a decreased longitudinal tone and a short spasm of the circidar 
muscles. 
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The influence of i-atc of administration on Itie lethal close of some pure and 
galenic preparations of cardiac glycosides has Iicen studied with controversial 
results. Some investigators could detect no alteration of the lethal dose of 
cardiac gl 3 ’cosides when rate of administration or o.vpcrimcntal time was varied 
under otherwise similar conditions (1-5). Other studies (4, &-15) have shown 
a marked infltience of rate of administration upon the lethal dose. ThusKingi- 
sepp and Lendle (4) demonstrated that an increase in the c.vperimental time 
from one hour to two hours resulted in a 50 per cent decrease of the lethal dose 
of digitoxin. 

The onlj’ sj’stematic studies on the effect of rate of administration on the 
lethal dose of cardiac gljxosides were carried out in cats by Hildcbrandt (13), 
who used cr 3 ’staUino digitoxin “Merck” and g-strophanthin, and by Matuda 
et al (11), and Bliss and Allmark (14), who worked with tincture of digitalis. 
The object of the present stud 3 - was to confirm and extend Hildebrandt’s studies. 

Materials and methods. Cr3‘stalline digito.vin’, digoxin*, and oleandrin* were used in 
the present stud3’. The following molecular ivcights were used in the conversion of the 
data to molar equivalents'.digUoxin 7Gt.5;digoxin 7S0.9;and olcandrin 576.7. In converting 
the milligram values of g-strophanthin obtained by Hildebrandt (13) tliis gli’coside was as- 
sumed to have 11 per cent water of crystallization and a molecular weight of G4S.7. 

Dilutions were made at the time of the experiment in 0.9 per cent sodium chloride solution 
from a stock solution containing 1 mgm of the gh'cosidc per cc of 95 per cent ethyl alcohol. 
The milliraolar concentration ranges used were: for digoxin, 0.174 to 0.0154; for olcandrin, 
0.0653 to 0.01S5; and for digitoxin 0.05G3 to 0.0115. Mo precipitation occurred at these con- 
centrations; erroneous results will be obtained if this point is not carefully controlled. 

Male and non-pfegnant female cats weighing between 1.75 and 3.25 kilograms were used. 
The influence of anesthesia upon the lethal dose of cardiac glycosides has been recently re- 
viewed by Hoick, Smith, and Shuler (10). They have shown the lethal dose with urethane 
to be 20 per cent greater than with ether, while with dial and pentobarbital the lethal dose 
was 51 and 47 per cent greater respectively than wit)i ether. Ixaplan and Visscher (17) have 
found the lethal dose of Lanatosidc C in the unaneslhetized animat and the animal under 
pentobarbital anesthesia to be statistically the same; however, they made-the important 


I This investigation was supported by grants from the Wellcome Research Laboratories, 
Tuckahoe, New York, and the Sobering Corporation, Bloomfield, New Jersey. 

• Wellcome Research Fellow in Pharmacology, Harvard Medical School, Boston, Massa- 
chusetts. 

* Kindly supplied by Drs. R. P. Linstead and W. S. Johnson, Department of Chemistry, 
Harvard University. 

‘ ICindly supplied by Wellcome Research Laboratories, Tuckahoe, New York. 

‘Kindly supplied by the Sobering Corporation, Bloomfield, N. J. and marketed as 
Olnerin. Known also as Folinerin in some foreign countries. 
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obsen-ation that the lethal dose under these conditions was 41 to 50 per cent higher than 
the lethal dose obtained under ether anesthesia. The data of Hildebrandt with digitoxin 
and g-strophanthin were obtained under anesthesia with butyl, ^-bromallylbarbituric acid 
(pemocton). In the present series of experiments the anesthetic used was diallj'lbarbituric 
acid (Dial-Ciba)* given in a dose of 0.09 to 0.12 grams per kilogram intraperitoneally. 

The animals were placed upon a heated table and the rectal temperature was recorded. 
ArtiScial respiration was administered bj' means of a Starling respiration pump. The fem- 
oral vein was cannulated to permit injection of drugs, and the blood pressure was recorded 
from the carotid artery by means of an Anderson glass membrane manometer (18) or a 
mercury manometer. Heparin,^ 3-1 mgm per kgm, was used as an anticoagulant. Heparin 
has been shown not to alter the lethal dose of tincture of digitalis in the cat by Ramsey, 
Pinschmidt and Haag (19). 

The electrocardiogram was recorded by means of a Grass ink-writing oscillograph leading 
off from the left hindleg and the right foreleg. Records were taken every 3-5 minutes 
throughout the e.xperiment. In calculating the irregularity dose, the appearance of ven- 
tricular premature beats, progressing to idioventricular rhythm, was taken as the onset of 
irregularity. Electrocardiographic evidence of ventricular fibrillation, that is, rapid ir- 


TABLE 1 
Digoxin 


NujfBn oy 
tXPTlIKZKTS 

SATE OF 
ADitDnSTftA.TtQS 

IXTSAL POSE 

1 

EJCFEEIMENTAI. THIE 

raRECCrLARITY DOSE 
(% or tETEUX POSE) 

' 4 

[ UiCTomo!s/Ktm/Scur 
2.68 

[ idcromoh/Kgm 

O.SOO =£= 0.101 

ilinutes 

18 ± 2.3 

76 i±: 3.1 

4 

1.9S 

0.767 ± 0.033 

23.5 ± 

1.3 

68 ± 1.7 

8 

1.30 

0.685 d: 0.025 

31.5 ± 

1.4 

74 ± 1.0 

4 

0.645 

0.498 ± 0.061 

46.5 ± 

5.6 

80 ± 2.5 

7 

0.424 

0.378 ± 0.033 

53 ± 

4.7 

84 dr 2.0 

4 

0.226 

0.300 rfc 0.029 

80 ± 

8.0 

83 dr 2.0 

4 

0.128 

0.275 ± 0.034 

129 ± 

17.3 

81 dr 2.2 

4 

0.068 

0.239 ± 0.016 

211 =fc 

14.7 

1 88 dr 2.4 

3 

0.048 

1 

0.240 ± 0.014 

354 ± 

21.8 

1 82 d: 7.7 


regular sine wave motion of the recording device, associated nith a fall in blood pressure to 
zero, was taken as the end of the experiment. 

After a control period the infusion of the cardiac glycoside was begun through the can- 
nula in the femoral vein. These infusions were made through a calibrated 50 cc syringe, 
the plunger of which was driven by a constant infusion pump.* The volume of the infusion 
per hour and the concentration of the solution infused were varied to achieve the desired 
rate of administration e.xpressed in micromols of the glycoside per kilogram per hour. 

Results. The results of the infusion of cardiac glycosides into 105 cats 
have been analyzed. Of these 44 experiments were with oleandrin, 42 with 
digo.xin, and 19 with digitoxin. The results are presented in tables 1-3. In 
the last column is given the irregularity dose for each rate of administration 
e.xpressed in per cent of the lethal dose. 

• Kindly supplied by Ciba Pharmaceutical Products, Inc., Summit, New Jersey. 

r Kindlj’ supplied by Eli Lilly and Company, Indianapolis, Indiana. 

• Constructed by K. Kniazuk, Merck Institute for Therapeutic Research, Rahway, New 
Jersey. 
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In figure 1 tlie rate of administration has been plotted against the lethal 
dose. For comparison the data of Hildebrandt (13) obtained with g-strophan- 
thin and digitoxin have been included. It can be seen from figure 1 that the 
lethal dose of all the glycosides varies considerably with the rate of administra- 
tion. At high rates of administration the lethal dose is high, at low rates it 
progressively decreases until at ver^' low rates of administration it tends to 
become constant. The constant value for the lethal dose of everj- glj-coside 
which is obtained at the lower rates of administration will be referred to as the 

TABLE 2 


QUandrin 


imazx or 

EXPtirUtKTS 

tATZ or 

AOUCaSTKATTOV 

LTTOAt bOSZ 

txrt»n<t>rrAi. Tivt 

nxicuiAim’ DOSE 
(% or xxniAt dose) 


Itieromclt/Ktn/ITauf 



XltHutes 


4 

3.513 

1.302 ± 0.057 

22 


1.0 

70 i 8. ( 

4 

1.962 

0.876 ± 0.118 

27 


3.7 

71 ± 4.6 

4 

0.79S 

0.6S9 ± 0.0S3 

44 


6.2 

69 ± 6.3 

4 

0.546 

0.511 ± 0.021 

56 


5.2 

83 ± 2.8 

4 

0.312 

0.434 tfc 0.021 

S3. 

5 ± 

4.0 

77 ± 2.8 

4 

0.169 

0.320 ± 0.010 

114 


3.7 

82 ± 1.0 

4 

0.092 

0.300 ± 0.013 

195 


8.5 

87 8.3 

4 

0.059 

0.273 ± 0.020 

276 

± 

20.5 

86 ± 3.7 

8 

0.014 

0.213 di 0.014 

295 

± 21.4 

81 d: 2.2 

4 

0.034 

0.221 dz 0.013 

392 


21.5 1 

86 ± 2.8 


TABLE 3 


Digiiozin 


KTTICBEX or 
ESOXEIUEKTS 

KATE 07 
ADUZKISTXATION 

XXT8AI. DOSE 

EXTEKIMEVTAE TOC 

XUXCUXAKI7Y DOSS 
(% or LETHAL dose) 


U t erpmclslK{r%/Il9ur 

if icrompJs/Ktm 

iltnutes 


4 

0.607 

0.897 ± 0.070 

89 ± 7.1 

74 ± 3.3 

3 

0.362 

0.654 ± 0.026 

108 db 4.4 

81 ± 5.5 

4 

0.166 

0.544 db 0.018 

197 dz 5.5 

85 ± 3.3 

4 

0.051 

0.336 ± 0.017 

397 ± 7.7 

76 db 3.7 

4 

0.0334 

0.313 ± 0.010 

564 ± 19.1 

SO dz 7.1 


minimal lethal dose (M.L.D.). Furthermore, it is clear from figure 1 that each 
cardiac glycoside has a characteristic rate of administration at which the lethal 
dose tends to become constant. The characteristic highest rate of administra- 
tion at which the M.L.D. can still be obtained has been called the optimal rate 
of administration (15). 

A reduction in the rate of administration always results in a prolongation of 
the experimental time. It is obvious therefore that each cardiac glycoside 
studied has a characteristic minimal experimental time at which the M.L.D. 
is determined; we call this the optimal experimental time. In figure 2 the re- 
lationship of experimental time to lethal dose is illustrated. 
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In table 4 the values for the optimal rate of administration, optimal experi- 
mental time, and the iM.L.D. have been tabulated for g-strophanthin, digoxin, 
oleandrin, and digitoxin. On a molar basis g-strophanthin is about tirice as 
potent as digitoxin and about one and one half times as potent as oleandrin and 



, Intact anesthetized cats. The relation of rate of administration of g-strophan- 

‘am, digoxin, oleandrin, and digitoxin to the lethal dose of these glycosides. 

O g-strophanthin (Hildebrandt (13)) 

® O digoxin 

2 'O oleandrin 

V digitoxin (Hildebrandt (13)) 

®- ® di^toxin 

Lach point represents from 3-S individual experiments. 


digoxin. Oleandrin and digo.xin have about the same activity. The value for 
the M.L.D. of our sample of digitoxin is somewhat higher than that obtained bj- 
previous investigators. We are unable to explain this discrepancj'. 

Discussion-. In the cat a reduction of the rate of administration of any of the 
eardiac gljmosides studied, and the corresponding prolongation of the e.xperi- 
mental time, invariably resulted in a decrease in the lethal dose until a definite 
Value was reached which could not be lowered by further decrease in rate of 
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administration. The c.\perimcntal times used have been extended to periods 
between 3G0 and 550 minutes. It is conceivable that longer times with cor- 


se <c 

rxPCRIMCNTAt TlWC IN MlNUTtS 

Fio. 2. Intact ancathotized cat. The relation of experimental lime to the lethal doae of 
E-strophanthin, digoxin, oleandrin, and digitoxin. 

O 9 g-atroptianthin (Hildebrandt (13)) 

e © digoxin 

O O oleandrin 

• • digitoxin (Hildebrandt (13)) 

® ® digitoxin 

Eaeh point representa from 3-S individual experimenta. 


TABLE 4 

Minimal lethal dose, optimal rale of administration and optimal experimental 
time of some cardiac glycosides 


B-Strophanthin 
Oleandrin . 
Digoxin . 
Digitoxin . . . 


MiJ). 

OPTISIAX. XATS 

Micromols/ 

Kgm. 

Afgin /Kgm. 

Micromols/ 
Ksm /Hour 

Mgm /Kgm / 
Hour 

0.154 

0.090 

0.074 

0.043 

0.208 

0.120 

0.052 

0.030 

0.230 

0.180 

0.055 

0.043 

0.326 

0.240 

0.046 

0.035 



2{{fiutes 

120-150 

270-300 

240-270 

390-420 


respondingly lower rates of administration might result in obtaining a lethal 
dose higher than the M.L.D. for the reasons discussed below. Such an increase 
in lethal dose has been described for tincture of digitalis in cats (11) and for 
certain glycosides in the guinea pig (20). 
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The M.L.D. as determined in this paper must have been influenced by factors 
of elimination. (Elimination is here used to include fixation and destruction of 
the active material by tissues, its e.xcretion, and any shift of glycoside from the 
heart to ex'tracardial tissue.) However the elimination rate in the cat for the 
glycosides studied is so slow (21, 22) that it is doubtful whether elimination has 
modified the M.L.D. to any appreciable extent. Lendle (21, 22) has made 
some measurements of the rate of elimination of g-strophanthin and of digitoxin 
m the cat. His method consisted of administering 80 per cent of the lethal 
dose of a glycoside and then determining the highest rate of administration of 
that glycoside which, over a period of 8 to 10 hours, would not kill the animal. 
This rate of administration was considered to be equal to the rate of elimination. 
This method will only give a rough appro.ximation of the rate of elimination, 
smce Lendle did not consider the fact that the amount of glj'coside in the system 
probably plays an important role in determining the rate of elimination. 
Lendle’s value obtained for g-strophanthin was 6 micrograms per kgm per hour. 
As the optimal experimental time for the determination of the M.L.D. of g- 
strophanthin is about 2 hours, the obsem'ed value of the M.L.D. (0.09 mgm per 
kgm) would have to be reduced by about 15 per cent to correct for elimination. 
This reduction is probably still within the error of the method of determination 
of the M.L.D. In the case of digitoxin the elimination rate found by Lendle 
was 3 micrograms per kgm per hour and thus the M.L.D. is influenced even 
to a lesser extent than that of g-strophanthin. No quantitative information 
on the rate of elimination of digoxin and oleandrin is available, but the values 
probably lie between those of g-strophanthin and digitoxin. 

The lowering of the lethal dose due to a reduction in the rate of administration 
of the glycosides studied is not a phenomenon peculiar to the cat. Similar 
results have been obtained in the guinea pig (12) and in the dog (23). The 
reason for the reduction in lethal dose has not been determined with certainty. 
In the heart-lung preparation of the cat (24) and the dog (15) it has been shown 
that the heart binds a definite quantity of g-strophanthin regardless of the con- 
centration of the glycoside in the blood. If this holds true for the intact animal 
the reduction in the lethal dose on reducing the rate of administration can not 
he e.xplained on the basis that a smaller amount of glycoside is needed to kill 
the heart. In our opinion, the most important factor involved in the reduction 
of the lethal dose is the binding of cardiac glycosides by body tissues such as 
the liver, kidnej's, and striated muscle. Weese (25) and Rothlin (26) have put 
forward evidence that these organs bind appreciable quantities of cardiac 
glycosides. Kiese, Gummel, and Garan (27) have studied the influence of rate 
of administration on the binding of g-strophanthin to liver tissue, using for this 
purpose the heart-lung-liver preparation of the dog. These investigators 
could show that wth a reduction of the rate of administration the liver binds 
proportionally smaller quantities of this glycoside. They did not, however. 
Consider the fact that with a reduction in the rate of administration the lethal 
dose for the heart-lung preparation decreases. Their data, therefore, have 
to he corrected. It is possible to utilize for this purpose the curve relating e.v- 
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perimental time to lethal dose determined in the dog heart-lung preparation 
(15). The corrected values so obtained indicate that the reduction in the rate 
of administration markedly reduces the amount of g-stroplianthin bound by the 
liver. It is quite conceivable that a similar process operates in the intact ani- 
mal. The final solution of this problem will have to await the development of 
methods for the quantitative determination of cardiac glycosides in cardiac 
and e.v'tracardiac tissues. 



Fio. 3. The influence of experimental time on relative activity of a number of cardiac 
glycosides. 


1 

1 


m 

M 


® — 

— ® 

lethal dose of g*strophaiithin (Hildcbrandt (13)) 
lethal dose of digitoxin 


In all the official cat methods for standardization of cardiac glycoside-con- 
taining material the experimental time is limited. Thus in the IMagnus modi- 
fication of the original Hatcher method the time limit is 35-60 minutes, while 
the U.S.P. XII adopted a time range of 65-90 minutes. That it is not sound 
to set such a time range is obvious from the curves in figure 2 relating e.xperi- 
mental time to lethal dose. 

Similarly, in an attempt to establish the relative potency of individual pure 
glycosides, it is unsound merely to relate the lethal dose of such glycosides to 
that of a reference standard, for instance, g-strophanthin. To illustrate this, the 
ratios of activity have been calculated at arbitrarj' experimental times by 
dividing the lethal dose of digitoxin, digo.xin, and oleandrin, respectively, by the 
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lethal dose of g-strophanthin determined at the corresponding experimental 
time. A systematic variation in the ratio of potency for each glycoside be- 
comes obvious if the ratio is plotted against experimental time as in figure 3. 
Unless the values of the iM.L.D. are used, one can not obtain a valid concept 
of relative acti^tj' of cardiac glj'cosides even with the use of an appropriate 
reference standard. 

llTiite and Salter (28) have determined the molar ratio of activity^ of digi- 
toxin to g-strophanthin in the failing papillary' muscle of the cat and found a 
value of 2.2. The ratio of the AI.L.D. of digitoxin to g-strophanthin as de- 
termined in the intact cat is 2.1 . This agreement of the ratios of activity may be 
fortuitous. It would be of interest to see whether such agreement can be ob- 
tained with other gh’cosides. 

E.xperinients to detemiine the ratio of oral to intravenous lethal dose have 
been based on values of the intravenous lethal dose determined by' some modi- 
fication of the Hatcher-Magnus method. Such experiments have been performed 

TABLE 5 


Comparison of Hatcher dose, intravenous minimal lethal dose and oral 
minimal lethal dose of some cardiac glycosides 


1 

HATCBXR DOSE 

Mi.D. j 

(DfTRA\'EKOUS) 

i 

M.L.D» (okal) 

1 

j 

SATIO Oa,AL ' 

M.L.D. 

CATCHER DOSE 

RATIO ORAL 

M.L D. 

IKTSAVEKODS 

M.L.D. 

6-Strophanthin , 

0.1 (32) 

0.09 (13) 

2.2 (31) 

22 

24 

Oleandrin . . 

0.24 (32) 1 

0.12 I 

0.12 (29, 30) 

0.5 

1.0 

Oigitoxin... . 

0.42 (32) 

0.20-0.24 

0.2 (29, 30) 

0.5 

1.0-1. 2 


by Fromherz and IVelsch (29), van Esveld (30), and Svec (31). The results 
show that by the oral route digitoxin and oleandrin are more potent than by' 
Ihe intravenous route of administration. In the experiments where the glyco- 
sides were given orally' the experimental times were often over 5 hours. From 
"hat has been shown above, it would be more reasonable to compare the oral 
lethal dose to the intravenous M.L.D. This has been done in table 5 in which 
®ur own data and those of Fromherz and Welsch, van Esveld, Svec, and Hilde- 
brandt have been compiled. The data in this table show that the ratio of oral 
lo intravenous M.L.D. is about 1 for digitoxin and oleandrin and about 23 for 
g-strophanthin. This is probably' due to the better absorption of digitoxin and 
oleandrin as compared with g-strophanthin. 

SUMMARY 

The influence of rate of administration upon the lethal dose of digoxin, oleandrin, 
ODd digitoxin has been studied in intact cats. With high rates of administration 
the lethal dose is high. As the rate of administration is decreased the lethal 
dose falls until, over a wide range of very slow rates of administration, no fur- 
ther reduction in lethal dose occurs. This smallest lethal dose we refer to in this 
paper as the minimal lethal dose. 
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For each glycoside there is a characteristic maximal rate of administration 
(optimal rate of administration) at which the minimal lethal dose is determined 
(see table 4). 

The methods in general use for determining relative activity of cardiac glyco- 
sides do not give the same ratios of activity ns the values obtained when the 
minimal lethal dose is used. The use of the minimal lethal dose for comparison 
constitutes a reliable basis for relative potency. 
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During the course of study of the effects of penicillin, sulfonamides and 
jTothricin in various bacterial and parasitic diseases, it has been found that 
I favorable response was not always obtained in patients vdth staphylococcal 
nfections (1-12). 

In these laboratories, experiments to determine the effects of natural cellular 
lubstances on the grov^th of micro-organisms have been conducted for several 
rears (13-16). An 80% alcohol-precipitated ex-tract of beef brain tissue has been 
ound to convert the yellow S-form of Staphylococcus aureus to the white R con- 
iguration, with concomitant stimulation of the growth of the latter form. Mor- 
jhologic studies and experiments in vivo in mice have shown this white organism 
:o be avirulent (14). The therapeutic and prophylactic effectiveness of brain 
'issue against Staphylococcus aureus infections induced subcutaneously, intra- 
seritoneally, and intravenously has been established (14, 15). Later tests indi- 
lated that the extract is superior to penicillin in the dosages used for Staphylo- 
'Jiccus aureus infections in mice (16). 

On the basis of these findings, the present series of e.xperiments was undertaken 
to determine the effect of brain extract on penicillin-resistant strains of Staphylo- 
V!ccus aureus. These studies included: (a) a comparison of the therapeutic and 
prophylactic activity of brain extract and penicillin on subcutaneous infections 
induced by 24 pathogenic penicillin-resistant strains of Staphylococcus aureus; 
nnd (b) a determination of the ability of these organisms to become insensitive to 
brain extract as shown in vitro by turbidity observations and in vivo using mice. 

Experimental. The brain extract, made according to the procedure previously re- 
ported (13, 14), was prepared from ground beef brain vhich was extracted with an equal 
volume of water by alternate freezing and thawing over a period of 24 hours, the solid ma- 
terial removed by centrifugation, discarded and the proteins precipitated from the solution 
by bringing it up to a final concentration of 80% alcohol. The precipitated proteins were 
removed, the filtrate concentrated in vacuo, and further concentrated over a steam bath in 
open dishes until the content was 100 to 200 mgm. of solids per ml. Sterilization was ac- 
oompliahed by Seitz filtration. The various batches of extract were checked for effective- 
ness against a virulent strain of Staphylococcus aureus (.4.TCC 152) which responded to 
^niciHin therapy (16). The penicillin was the commercial sodium salt obtained from Ab- 
bott Laboratories, Schenley Laboratories, and the Gheplin Laboratories. 

The 24 penicillin-resistant orgam'sms bad been isolated from patients suffering from 
staphylococcic infections of various natures (chronic and acute osteomyelitis, empyema, 

’Read before the 31st annual meeting of the Federation of .American Societies for Ex- 
perimental Biology at Chicago, May 22, 1947. 
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arillary and retrobulbar abscesses, and soft skin infections) in which penicillin therapy had 
been reported unsuccessful.* In some instances the organisms had manifested a natural 
resistance to psnicillinj in others, the organisms had apparently become resistant as a result 
of penicillin therapy since staphylococci isolated from the same lesions previous to treat- 
ment had been sensitive to penicillin. All strains were maintained on blood agar slants 
until time of use. 

Rockland Farm albino mice from 3 to G months of age were used for the in vivo tests. 

Prophylactic Series. Control A nimals. For each of the 2-1 strains of Staphylococcus aureus 
there was a control group of C infected and untreated animals. Saline suspensions of staph- 
ylococci were prepared with 1 loopful of a 2-t-hour nutrient broth culture of the organism 
per ml. of saline. A uniform inoculum of 0.5 ml. was maintained for all strains and injec- 
tions were made subcutaneously in the ventral abdominal region. 

Experimental Animals. An initial subcutaneous dose of 1000 tJ. of the sodium salt of 
penicillin in 0.1 ml. of esiline was given in the ventral abdominal region of mice in 24 groups 
of 0 anim.als each, 2 to 3 hours prior to subcutaneous infection nnth the staphylococci. Like- 
m'so, 50 mgm. of brain c.'L'tract was given subcutaneously to mice in each of 21 groups of 6 
animals each 2 to 3 hours prior to infection. The infecting dose of organisms was the same 
ns that used for the control animals and daily treatment with 1000 U. of penicillin’ and with 
50 mgm. of brain extract was given until death of the animal or until the lesions were healed 
as gaged by the dropping off of the scab leaving smooth new skin beneath. 

Therapeutic Series. Each mouse in this scries received subcutaneously in the ventral 
abdominal region 0.5 ml. of a saline suspension of 1 loopful of a 24-liour culture of the or- 
ganisms per ml. The animals were divided into control and experimental groups within 
24 to 48 hours according to the degree of pathogenicity manifested. Animals showing sim- 
iiar degrees of reaction were distributed between the control and two experimental groups. 
For each of the 24 strains of staphylococci, 18 animals were used, 0 sernng ns infected un- 
treated controls, 6 recci^’ing iionicillin, and 6 brain ex'tract. 

Control Animals. Mice in the control groups were injected each day nith 0.1 ml. of 
saline, a volume equivalent to that in which the penicillin was given. 

Experimental Animals. Subcutaneous treatment with 1000 U. of penicillin and 50 mgm. 
of brain extract was given daily, ns soon ns the animals were divided into experimental 
groups, and the treatment was continued until death of the animal or until the lesion healed 
completely. 

Results. Prophylactic Scries {Table 1). In the control animals of the pro- 
phylactic series, the mortalitj' ranged frorn 33J% with strain JB 9342 to 100% 
with 9 strains. Mortality for the total 144 control animals was 80% and occurred 
between the 1st and 24th days, half being dead on the 5th daj’- (Fig. 1). Purulent 
lesions developed within 2 to 5 days and required 13 to 24 days (average, 19 days) 

• We are indebted to Doctor C. H. Rammclhamp and Miss Marjorie Jewell of Evans 
Memorial Hospital, Boston; to Doctor W. W. Spink of the University of hCnnesota; and to 
Doctor A. Bondi of Temple University, Philadelphia, for providing us with the 2i penicillin- 
resistant strains of Staphylococcus aureus. Those obtained from Evans Memorial Hospital 
were; JR 8742, JB 9342, JB 81142, AP 10212, AP 10742, HH 11242, Ram. 10342, Ram. 92442, 
Ram. 91342, Ram. 10842, Bam. 87, Rosen 41, Merendale 515, Larbabee 423, Nicolazzo 1124, 
Walbourne 411; those from Temple University were Bondi 446 and Bondi 161 and from the 
University of Minnesota, Rosen II CPF, Rosen HI PF, Rosen I, Long III PF, Bernardo 
IIA, Bernardo II. 

’ From the results of preliminary experiments with the penicillin-resistant strains of 
organisms in which the penicillin was given at 6 hourly intervals and once daily, the single 
daily injection appeared to be as effective as the multiple daily injections. For this reason, 
the single daily dose of the penicillin was used. 
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for complete healing in the sunivors. Abscess formation was followed by an 
extensive sloughing and the appearance of signs of listlessness, shaggy hair, 
C3’anosis, and paralj’sis of the limbs. 

Of the 144 animals treated with penicillin, 80% died within the first 17 experi- 
mental daj's, more than half being dead on the 5th day. In the indiiddual groups, 
the mortality ranged from 33J% with 4 strains of organisms to 100% with 14 of 
the penicillin-resistant strains. All of the survivors in these groups of animals 
developed purulent lesions averaging 18 daj's for healing with a range of 8 to 24 
daj’s. 


TABLE 1 


Comparative response of mice infected with penicillin-resistant strains (S4) of 
Staphylocoecus aureus to prophylactic and therapeutic administration 
of penicillin and brain extract 


NO. ANIMALS 

IIOIATMLNT 

% MOtTAUTY 

SZALIKO TIME 
5UXVXVOSS 

Prophylactic Series 




days 

144 

Control 

80.0 

19 (13-24) 

144 

Penicillin 

80.0 

18 ( 8-24) 

144 

Brain Extract | 

0.6 j 

11 ( 4-24) 

Therapeutic Series 

144 

Control 

84.0 

18 ( 7-25) 

144 

Penicillin | 

95.0 

22 (16-26) 

144 

Brain Extract j 

1.4 

7 ( 3-17) 


IS mice used for each penicillin-resistant strain of organisms . 6 control and 6 in each of 
the treated groups. 

Inoculant 0.5 ml. of a 24-hour nutrient broth culture, 1 loopful per ml. 

In the therapeutic series, treatment consisted of 50 mgm. brain extract per day, 1000 
U. sodium salt of penicillin, daily, while the controls received 0 3 ml. saline daily. 

In the prophylactic series both initial and subsequent doses were 50 mgm. of brain ex- 
tract and 1000 U. penicillin, dsil}'. 


Of the 144 animals receixdng brain extract, 1 died of an injurj’’, none 
died from the infection. Diy, scaly, non-suppurating lesions accompanied by 
severe .sloughing in some cases developed within 2 to 5 days in only 86% of the 
group and these healed within 4 to 24 days (11 daj’s average). There were no 
signs of toxic sj'mptoms or paralysis among the brain extract treated animals. 

Therapeutic Senes (Table 1). In the 144 saline-injected control animals, mor- 
tality ranged from 66§% with 5 strains to 100% in 6 strains, hlortality' for the 
entire group was 84%, more than half being dead on the 3d experimental daj' 
(ti'ig. 1). In the survivors, the purulent lesions required 7 to 25 daj's (average, 
18) for complete healing. 

Of the 144 animals receiving penicillin, the total mortality was 95% ranging 
from 83|% in 7 strains to 100% in 17 strains. More than one-half of the animals 
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were dead on the 3d experimental daj'. The purulent lesions in the sundvors 
required 16-2G days (average, 22) for complete healing. 

Of the 144 animals treated with brain extract, 2 died; 1 (HH 11242) on the 
2d and 1 (Bondi 161) on the 3d experimental day. The healing time of the 
lesions in the 142 surnvors ranged from 3 to 17 da3's with an average of 8 days. 

FaILTOE of FENICILLI.V-RESISTANT strains of STAPHIDOCOCCCS AT7REUS TO 
BECOME RESISTANT TO BRAIN EXTRACT, IN VITRO AND IN VIVO. Procedure. In 
vitro. For each of the 24 penicillin-resistant stains of staphj’lococci, 3 tubes were 
prepared containing 10 ml. of nutrient broth and 0.2 ml. veal infusion. One of 



OAVS 

Fig. 1. Cumulative mortality in a prophylactic (432 mice) and a therapeutic (432 mice) 
aeries of animals testing the effectiveness of brain extract against 24 penicillin-resistant 
strains of Staptiylococcus aureus. 

i 

these served as a control. To 1 was added 57.1 U. of penicillin in the form o 
a freshlyprepared 0.85% saline solution of the sodium salt of penicillin, containing 
20 U. per ml. To the 3d tube 100 mgm. of brain extract (100 mgm. per ml.) was 
added. Each tube was inoculated with a standard loopful of a 24-hour nutrient 
broth culture of the organism and incubated at 37°C. for 24 hours. Direct 
transfers were made every 24 hours (except for Sundays and holidaj-s) to an 
identical series of 3 culture tubes. Twelve of the strains of organisms were thus 
treated for 37 days and the remaining 12 strains for 74 days. Visual determina- 
tion of the turbidity was made each day. 

In vivo. For each of the 24 penicillin-resistant strains of Staphylococcus au- 
reus, 3 test tubes containing nutrient broth media were inoculated with a standard 
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loopful of a 24-hour culture of the organism. One of the tubes served as a con- 
trol. To 1 experimental tube 57.1 U. of penicillin in the form of the sodium salt 
in saline (20 U. per ml.) was added, and to the other, brain extract (100 mgm. per 
ml.) and the tubes were incubated at 37°C. Transfers were made every 3 days. 
At the expiration of a 12-hour, a 15-day, and a 30-day incubation period, the 
potency of the cultures was determined by tests in animals. Rockland Farm 
albino mice averaging 3 to 6 months of age were inoculated subcutaneously with 
the organisms in the ventral abdominal region. The inoculum dosage for each 



DAYS 

I'm. 2. Average turbidity in two series of penicillin-resistant strains of Staphylococcus 
aureus, 12 per series, cultured for 37 and 74 days, respectively, in the presence of penicillin 
and of brain extract. 

.Mthough it would appear from the graph that the organisms were stimulated only 
"■ghtly less with brain extract than with penicillin, this is not an indication of the develop- 
ment of resistance in the case of the brain extract for its action is one of stimulation of 
growth with a concomitant conversion of the virulent organism to an avirulent form. 

Strain was 0.5 ml. of a 24-hour nutrient broth culture. Observations were made 
On the mortality and healing time of the lesions. 

Results. In vitro. In Fig. 2, the turbidity readings selected for graphing were 
those for Tuesdays and Saturdays. Each point on the graph represents an 
average of the readings for the 12 strains on the specific days. The 2d series of 
12 organisms (37-day experiment) was begun 2.5 weeks after the completion of 
the 1st series of 12 (74-day experiment). It is apparent that the over-all turbid- 
ity readings of the 2d series are above those of the 1st series and it is felt that 
this apparent increase was due to the personal factor in visual determination. 
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Within each series, however, the comparative control and experimental values are 
probably consistent. 

Although it would appear from the graph that there is onlj' a sligth difference 
in the amount of stimulation of the growth of the microorganism by brain ex- 
tract, as compared with penicillin, the action of these two materials is entirely 
different. Penicillin, when effective, acts by inhibiting growth while the effec- 
tiveness of brain extract depends on the conversion of the yellow organism to a 
white variant with concomitant stimulation of growth (14, 15). It is apparent, 

TABLE 2 


Comparative mortaUty in mice infected with penicillin-rceistant etraim (S4) of 
Staphylococcus aureus cultured IB hours, IB and SO days in a control 
media and in media containing penicillin and brain extract 


KO. AKXUALS j 


% UOtTAUTY 

nzAiiso rots 
su%\ivots 

12-bour Cultures 




I 

144 

Control 

82. 0 

« 

144 

Penicillin 

95.0 

• 

144 

Brain Extract 

2.8 

« 


15-day Cultures 


120 

Control 

54.0 

19 (10-32) 

120 

Penicillin i 

90.0 

22 ( 9-30) 

120 

Brain Extract 

3.3 j 

11 ( 4-23) 

30-day Cultures 

120 

Control 

60.0 

17 ( 4-29) 

120 

Penicillin 

100.0 

— 

120 

Brain Extract 

0.0 

7 ( 4-16) 


* No healing data recorded for test animals of 12-hour cultures. 

18 mice were used for each strain of the penicillin-resistant organisms cultured for 12 
hours; 15 mice for each strain cultured for 15 and 30 days; the animals were div-ided into 
3 groups of equal number. 

Inoculant 0.5 ml., 1 loopful per ml. 

therefore, that throughout the experimental periods (37 and 74 daj-s) the organ 
isms remained sensitive to the action of the brain extract, while in the presence 
of penicillin thej’ retained their resistance to this antibiotic. 

In vivo {Tabic 2, Fig. S). Twelve-hour cultures (4S2 animals). Total mortality 
in the control group was 82% and ranged from 33|% for 1 strain (Rosen I) to 
100% for 12 strains; 71% died within 48 hours. For the animals receiving 
organisms from the penicillin-containing culture, the total mortalitj' was 95% 
(range 66|% in 1 strain to 100% in 17 strains); 85% were dead within 2 days. 
Total mortality for the animals receiving organisms grovm for 12 hours in cultures 
containing brain extract was 2.8%. One died on the 1st da 3 ^ (Bernardo IIA), 
2 on the 3d (Nicolazzo 1124) and the last on the 4th day (Ram. 92442). No ob- 
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servations were made on the time required for healing of the lesions in the sur- 
vivors of this group. One animal of the group receiving Rosen II CPF organ- 
isms had a lesion in which there was suppuration for 2 days. 

Fifieen-day culhtres {S60 animals). The total mortality in the control series 
was 54% (range of 20% in Rosen 41 to 80% in 4 strains). The highest mortality 
occurred on the 3d day by which time 27% of the control animals were dead. 
The purulent lesions in the survivws required an av'erage of 19 daj's for healing 
(range 10-32 days). 



The total mortality for the animals receiving organisms cultured for 15 da 3 ’^s 
in the presence of penicillin was 90%, with a range of 60% for 4 strains to 100% 
for 16 strains; 53% were dead bj" the end of the 3d da 3 ^ The lesions were puru- 
lent and required 22 da 3 's (range 9-30) for complete healing. 

Of the 120 animals receiving organisms cultured for 15 days with brain extract 
incorporated in the media the total mortality was 3.3%, 1 animal d 3 'ing on each 
of the 1st 3 days (Ram. 10842, Bondi 161, and Bernardo IIA), the 4th on the 10th 
day (Merendale 515). On the 1st day all of the animals receiving Bondi 161 
had slightly suppurating lesions. One of these died, and suppuration disap- 
peared in 2 by the 2d da 3 '’ and in the remaining 2 by the 4th da 3 '. One animal 
of the group receiving Rosen II CPF had a slightl 3 ' suppurative lesion on da 3 's 2 
and 3. The healing time for the lesions was 11 days (range 4-23 da 3 's) in the 
animals of this group. 
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Thirty-day cultures (SGO a7imah). Total mortalitj- among the 
mice was 00 per cent, ranging from 40% for 5 strains to 80% for 5 strains; 45% 
were dead by the 4th day. The average licaling time for the purulent lesions in 
the survivors was 17 days with a range of 4 to 29 days. 

Total mortalit 3 ' for the 120 animals receiving organisms gromi for 30 days in 
the presence of penicillin was 100% within 12 daj's; 76% were dead by the 4th 
day. 

There was no mortalitj’ among the 120 animals receiving organisms gronm for 
30 daj’s in the presence of brain extract. The lesions, which developed in but 
84% of the animals, were non-suppurating and required an average of 7 daj's for 
complete healing (4-lG daj’s range). Thej’ were healed bj’ the 11th daj’ in 17 of 
the 24 groups of animals. 


susoiahy 

Infections in mice with a series of 24 proven penicillin-resistant strains of 
Staphylococcus aureus responded to prophj-lactic and therapeutic administration 
of 80% alcohol-precipitated beef brain extract. The turbidity studies on penicil- 
lin-resistant organisms cultured in the continuous presence of brain extract for 
periods of 74 and 37 days showed an increased growth as well as a conversion of 
the yellow S organism to a white R form thus indicating that the organisms were 
sensitive to the extract throughout the experimental period. Similar studies 
with organisms cultured in the presence of penicillin demonstrated that the 
resistance to penicillin was maintained as evidenced by increased turbidity. In 
vivo tests, after 12 hours, 15 and 30 daj's, of eulturc under these experimental 
conditions demonstrated that the organisms became avinilent in the presence of 
the brain extract and that this sensitivitj’ to the extract was maintained through- 
out the experimental period. 


REFERENCES 

1. Rammelkamp, C. H.: Proc. Soc. Ezper. Biot. & 49: StG, 1942. 

2. Rammelkmap, C. H. and Mason, T.: Proc. Soc. Erper. Biol. & Med., 61: 3S6, 1£U2. 

3. Spink, W. W., Wright, L. D., VinNO, J. J., and Skeoos, H. R.: J. Exper. Med., 79: 

331, 1944, 

4. Spink, W. W. and Hale, W. H.: Ann. Inlemal Med., 22: 510, 1945. 

5. North, E. A. and Christie, R,-. Med. J. Australia, 32: 44, 1945. 

6. Bondi, A. and Dietz, C. C.: Proc. Soc. Exper. Biol. & Med., 66: 132, 1944. 

7. Bondi, A. and Dietz, C. C.; Proc. Soc. Exper. Biol. & Med., 66: 135, 1944. 

8. Spink, W. W. and Ferris, V.; Science, 102: 221, 1945. 

9. Spink, W. W., Ferris, V., and Vivino, J. J.: Proc. Soc. Exper. Biol. & Med, 66 : 207, 

1944. 

10. Spink, W. W. and Ferris, V.: Proc. Soc. Exper. Biol, ct Med., 69: ISS, 1945. 

11. Spink, W. W. and Vivino, J. J.: J. Clin. Invest., 23: 267, 1944. 

12. Spink, W. W., Ferris, V., and Vivino, J. J.: Proc. Soc. Exper. Biol. & Med., 66: 210, 

1944. 

13. Notini, L. G. and Kreke, C. W. : I . Bad., 44: 661, 1942. 

14. Nutini, L. G, and Lynch, E. M., Sr.: J. Exper. Med., 84: 247, 1946. 

15. Nhtini, L. G. and Lynch, E. M., Sr.: Nature, 166: 419, 1945. 

16. Nhtini, L. G. and Lynch, E. M., Sr.: J. Bad., 62 : 681, 1946. 



THE INFLUENCE OF DIET ON 

TO ALPHA-NAPHTHyLTHIOUEEA 
RICHARD U. BYBRRUM* and KENNETH P. DdBOIS 

From the mivereily of Chicago Toxicity I^boratory^ aad 

Pharmacology, University of Chicago, Chicago, Illtnois 

Received for publication May 1, 1947. 

Several previous investigations have indicted ttat 
thiourea is influenced by dietary substances. Thus, le e an .^^hile 

that a low protein diet increased the susceptibdi y o ra , 

Landgrebe and Morgan (2) noted that rats mamtaine on an injection 

extremely sensitive to thiourea. Griesbach et al (3) observed 
of iodine afforded protection against acute thiourea poisoning if th 

administered prior to thiourea. ^,r,vrTs • nf its 

Thenewrodenticide, alpha-naphthylthiourea (ANTE), is q 
chemical and physiological properties to the parent compo n , „p„„ria,Iess 

promment strain difference in susceptibihty (4). Hifferences in 

between ANTE and thiourea and because of th" marked species d^erences m 

susceptibility to the rodenticide it was of interes o asc t-iv^itinE factor 

dietary factors on the toxicity of ANTE, since diet might be - ^“^^iaotor 
in the species differences. In the present study the influenc 
dietary M, carbohydrate, protein, and cystine on the toxicity of ANTE was 

“Snaiy studies in this laboratory (5) Ita^t 

iodine to the diet or drinking water affords considera e P™ Further infor- 

ANTU provided that the iodine is administered prior to /uNTL • Furfter 
mation on the protective action of iodine against acute ANTE poisoning 
eluded in this communication. 

Methods and matebiaes Tiro to aitoMswCTe^n^i^MnedTn individual 

rats were used throughout these expenmentB. j w-wepn 67° and 75°F. The animals 

cages in a room in which the temperature was 

were given distilled water and diets of kmown afslSlrvals^ 

tale was recorded every second day and the ammalswer g obtained during the 

these data the average food intake and average change m weight were obtained during 

arfare Service. 
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of Bliss (6). The fiducinl limits (p = 0.003) of thoBD SO were calculated by adding to and 
substracting from the log of the LD 50 a quantity equal to three times the log of the stand- 
ard error of the LD 50. 

Diets. As control diets Purina Chotv and a purified diet containing casein (Merck 
edible) 18%, dextrin 50%, cerclose 15%, ccllu flour 2%, salt (7) 3%, cod liver oil 4%, lard 
4%, corn oil 4%, and a vitamin supplement were fed. The xdtamin supplement, which was 
thoroughly mixed ndth 200 grams of casein before incorporation with the remainder of the’ 
diet, contained, per 100 grams of diet, thiamine hydrochloride 0.25 mgm., pjTido.xine hydro- 
chloride 0.25 mgm., nicotinic acid 0.25 mgm., ribofl.avin 0.5 mgm., choline chloride 125 
mgm., and Wilson’s 1-20 liver extract 625 mgm. 

TABLE 1 


The composition of experimental diets in trhich variations were made in protein, 
carbohydrate, and fat 


DIET 

OtCT KtrUBE* 

CASEW % or PIET 

DEscniw % or diet 

LAID ^ or DIET 

Control 

1 

IS 

50 

4 

High cnrbohj'dratc 

12% protein 

2 

12 

56 

4 

High fat 

12% protein 

3 

12 

37 

23 

40% protein 

4 


28 

4 

6% protein 

5 

C 

62 

4 

0% protein 

0 

0 

OS 

4 


TABLE 2 

The composition of high cystine diets 


DIET i 

co^fs^^rE^fT 

Diet number 

Cystine % of diet 

Choline diloride 
^ of diet 

1% Cystine diet 

7 

1 

0.125* 

5 % C}’StiDe-0% choline diet 

8 1 

5 

0 

5% Cystine-O.G choline diet 

9 1 

5 

0.0 


• Quantity of choline chloride in normal control diet. 


Five of the experimental diets were prepared by varying one of the three principal dietary 
components, carbohydrate, protein, and fat. The variations in fat were effected by chang- 
ing the quantity of lard employed, in carbohydrate by altering the proportions of dextrin, 
and in protein by varying the quantity of casein. The variations in these dietary con- 
stituents are presented in table 1. In the diet which contained no casein the vitamins were 
first mixed with cerelose before incorporation into the remainder of the diet. 

A group of three diets indicated in table 2 were prepared to ascertain the effect of high 
dietary cystine on the resistance of rata to ANTU. Cystine and choline chloride were added 
to the 18% casein control diet at the expense of dextrin. 

To ascertain the effect of dietary iodine upon the susceptibility of rats to ANTU the 
diets indicated in table 3 were prepared. These diets were compounded by adding finely 
powdered potassium iodide to the control diet at the expense of de.xtrin. When iodine was 
supplied in drinking water it was added either as potassium iodide or Lugol’s solution. 
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Experimentad. Effect of variation in carbohydrate, fat, and protein on the 
toxicity of ANTU. The toxicity of ANTU to rats fed rations in which variations 
were made in carbohydrate, fat, and protein are presented in table 4. Each LD 
50 was calculated from at least three doses at which the mortality was between 
20% and 80%. These mortality data were obtained by measuring the toxicity 
of ANTU to two separate groups of 10 or more animals injected with ANTU at 


TABLE 3 

The composition of high iodine diets 


DQt KUKBZX 

lOOXKT VO. ZOOXNZ/C. I 

roue or zodze t7m> 

VXHICLr. 

10 

2.S 

1 

Lugol’s fioln. 1 

drinking water 

11 

2.5 1 

KI 

drinking water 

12 

5.7 

KI 

diet 

13 

7.6 

KI 

diet 

14 1 

2.1 

KI 

diet 

15 

0.9 

KI 

diet 


TABLE 4 


The effect of variations in protein, carbohydrate, and fat upon the 
resistance of rats to ANTU 


UttT AM) DIET KUUBZK 

1 lEE'D- 
ZKO 
mioD 

KO. or 

AKI- 
1 1£AZ^ 

1 USED 

IjD SO 
(CALCO- 

1 

riDUClAl. 

3JUZTS 

ujso 

{p^.003) 

! AVE. WEIGHT | 
1 CAIN/DAY 

AVE. rOOD 
COKSUVED 1 

TEX. DAY 1 

AVO. 
WT. or 
AKZVAl. 
AT TDCE 

or IN- 
JECnON 

aale 





dayj 

1 

wzm,/Arw. 



1 

1 




Purina Laboratory 

14 

90 


5.98-7.73 


1 



225 

Cho^ control 

1 





1 




1 

10 

26 

ca 6.3 



1.4' 

16 

12 

220 

1 

30 

22 

ca 6.5 


3.5 

1.5 

16 

12 

300 

1S% control (combined) 


48 

6.5 

5.8 -7.1 



1 

1 



4 

30 

35 

6.6 


3.7 

— , 

16 

— 

284 

3 

30 

24 

ca 5.3 


1.7 

— 

14 

— 

250 

2 

30 

25 

4.7 

i 

3.6 

1.3 

16 

12 

1 272 

12% protein 


49 

5.9 

5.6 -6.2 






(2+3 combined) 




1 





1 

5 

30 

35 

3.5 

2.9 -4.3 

0.4 


12 

12 

222 

6 

30 

29 

3.8 


-3.6 

1 -3-®, 

7 

7 

125 

-■ -- . 











different times of the year. N o indications of seasonal variations in susceptibility 
were observed, however, under the conditions of these tests. 

It is indicated in the results shown in table 4 that the LD 50 of ANTU for 
animals eating Purina Laboratory Chow and the synthetic control diet were not 
different. The length of the feeding period did not affect the reistance of ani- 
nials fed the synthetic control diet and the values obtained for different feeding 
periods were therefore combined so that a more accurate calculation of the LD 
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SO could be made. The LD 50 for animals receiving Purina Chow was 6.8 
mgm./kgm. as compared with G.5 mgm./kgm. for animals eating the sjmthetic 
control diet. 

It ma}' be seen in table 4 that feeding a 40% casein diet did not materially 
affect the LD 50 of ANTU for rats. YlTicn two 12% protein diets were fed, one 
high in fat and the other high in carbohy'drate, the resistance to ANTU appeared 
to be slightly lower but the decrease was not significant by the statistical method 
employed. The slight increase in susceptibility' was related to the protein 
concentration, however, and not to variations in fat or carbohydrate since vary- 
ing the quantity of either carbohydrate or fat in the diet had no effect upon the 
resistance of rats to ANTU. The mortality' data obtained after feeding the 
two 12% protein diets but different amounts of carbohy'drate and fat were, there- 
fore, combined to giv'e a more accurate calculation of the LD 50 of ANTU to rats 
receiving 12% protein. 


TABLE 5 


The influence of high cystine diets upon the resistance of rats to ANTU 


1 

DOTKO. j 

rtumc 

tisuoo 

NO. Of 
ANOCAU 
USES 

1 

LD 50 
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20 
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It will be noted that lowering the protein of the diet to levels which did not 
support growth (diets 5 and C, table 1) resulted in a significant increase in sus- 
ceptibility toward ANTU. The LD 50 for rats receiving both the 6% protein 
and 0% protein diets was about 3.5 mgm./kgm. with an upper fiducial limit (p = 
0.003) of 4.7 mgm./kgm. which is substantially' below the lower fiducial limit 
(5.8 mgm./kgm.) of the control LD 50. 

Effect of dietary cystine on the toxicity of ANTU. The influence of an increased 
quantity of dietary cystine on the susceptibility' of rats to ANTU is shoum by the 
data in table 5. It may' be seen that the calculated LD 50 of ANTU for the 
groups of animals which had received the 1% cy'stine diet for five day's was 12.3 
mgm./kgm. with fiducial limits of 9.2 to 16.2 mgm./kgm. This LD 50 was sig- 
nificantly above the control value. After feeding 1% cystine for 10 day's protec- 
tion against ANTU was still observed, for an LD 50 of 11.8 mgm./kgm. was 
obtained. However, when this high cy'stine diet was fed for 20 days rats no 
longer showed increased resistance to ANTU as was indicated by an LD 50 of 
7.5 mgm./kgm. of ANTU. After feeding the diet for 30 days the LD 50 for 
ANTU was 6.5 mgm./kgm. which is the same as the control LD 50. 
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It iitII be noted that the average weight gain and food consumption of animals 
receiidng the 1% cystine was similar to that of the control animals which had 
received a normal diet. 

T\Tien a 5% cystine-0.6% choline diet nas fed some protection against AlS'TU 
Has observed but it was no greater than that observed after feeding a 1% cystine 
diet. "UTien 5% cj’stine was added to a diet containing no chobne, added protec- 
ion against AiMTU was lost. 'When choline was added to the high cj’stine diet 
groirth and food consumption was similar to that of the controls and some added 
resistance toward AXTU was obseiwed, while animals receiving a high cystine 
diet which n as deficient in choline grew at a retarded rate, showed decreased food 
consumption, and e.\hibited no added resistance tovard ANTU. 

Efect of Iodine on the toxicity of ANTU. Preliminary experiments in this 
laboratory (5) have indicated that iodine given either as Lugol’s solution or as 
potassium iodide increased the resistance of rats to ANTU. Quantities of iodine 
from 20.8 to 44.8 mgm./kgm. of iodide given over a 1-2 daj^ feeding period re- 

TABLE 6 
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suited in an increase in the LD 50 to values as high as 44 mgm./kgm., the amount 
of resistance being dependent upon the quantity of iodine ingested. The results 
of more extensive studies on the protective effect of iodide are summarized in 
table 6, in which the relationship between the quantity of iodine, the length of 
the feeding period, and the resistance acquired toward ANTU are shown. 

The data in table 6 indicate that iodine given either in the drinking water on in 
the diet endows rats with marked resistance toward ANTU. ItTien a diet con- 
taining 5.7 mgm. of iodine/grara was fed for two days the LD 50 of ANTU 
increased from a normal of 6.8 mgm./kgm. to 42 mgm./kgm. and after feeding 
this same diet for 5 days the LD SO further increased to 76 mgm./kgm. An LD 
50 of 91 mgm./kgm., which was a 13-fold increase over the value for control ani- 
mals, was obtained when animals had received the ration for 10 days. It is seen 
from these experiments that the amount of protection afforded by a given amount 
of iodine in the diet increased with the length of the feeding period at least during 
the first 10 daj’s. 
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The quantity of iodine ingested during a given period also influenced the 
amount of resistance acquired bj' rats ns is shown in table C. Wiereas a diet 
containing 2.52 mgm. iodide per gram fed for two daj-s increased the LD 50 to 
33 mgm./kgm. feeding a diet containing 7.6 mgm. iodine per gram for 2 days 
provided greater protection to rats, tlic LD 50 being 56 mgm./kgm. 

Lugol’s solution and potassium iodide were of nearly equal effectiveness when 
provided at equal iodine concentrations in the drinking water. Bromides offered 
no protection when fed in the drinking water or the diet. 

It will be noted that when a given dose of iodine was fed for 10 days it gave 
somewhat less protection than was obtained by feeding the same amount of 
iodine during a 5-day feeding period. Thus after a dose of 1.37 grams of iodine/ 
kgm. provided by feeding rats a diet containing 5.7 mgm. iodine per gram of the 
diet for 5 days the LD 50 of ANTU was 76 mgm./kgm. Wlien this same dose of 
iodine was given over a 10-day period by feeding a diet containing 2.1 mg. iodine 
per gram for 10 days the LD 50 was 61 mgm./kgm., which value is below the 
lower flducial limit of the LD SO (70 mgm./kgm.) obtained after feeding the same 
quantitj’’ of iodine during a 5-day period. This effect was more clearly shown by 
feeding 0.9 mg. iodine/gram of diet for 30 days which resulted in an average 
iodine intake of 1.83 grams/kgm. The LD 50 for 20 animals on this diet was 
31 mgm./kgm. which is substantially lower than was obtained with an equivalent 
amount of iodine given over a 5-day period. It is apparent from these experi- 
ments that part of the protective effect of a given dose of iodine is lost when it is 
administered over a long period of time. 

Growth rate was followed for one group of rats receiinng the high iodine diet 
(diet 12) and the average weight increase was 2.7 grams per day as compared with 
3.0-4.5 grams for the controls. Food consumption for those animals eating the 
iodine diet was slightly below that for the control animals. 

The influence of intravenous iodine on the toxicity of ANTU. Since Roblin et al. 
(8) have shown that a direct reaction readily takes place between iodine and 
thiourea derivatives in vitro and DuBois and Envay (9) found that the inhibition 
of tyrosinase by ANTU could be prevented by the addition of small quantities of 
iodine to the test system it seemed possible that interaction of iodine and ANTU 
might result in detoxification of ANTU in vivo. If such were the case one might 
expect iodine administered intravenously immediately before or even after the 
administration of ANTU to exhibit a protective effect. 

For these experiments Lugol’s solution was diluted so that the iodine concen- 
tration was 126 mgm./cc. This solution was injected into the tail vein of rats 
and 2 minutes later the animals were given ANTU intraperitoneally. iniile 
only half of a group of control animals survived 50 mgm./kgm. of iodine given 
intravenously 25 mgm./kgm. of iodine was not lethal to any of the control 
animals. The LD 50 of ANTU for animals recei\ing 25 mgm./kgm. of iodine 2 
minutes before the ANTU was 6.5 mgm./kgm. as compared with 6.8 mgm./kgm. 
for normal animals receiving no iodine. Since no protection was afforded by 
intravenous iodine given immediately before ANTU it is seen that the immediate 
concentration of iodine in the tissues had little effect upon the resistance of rats 
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toward ANTU. This appears to eliminate a direct reaction between ANTU and 
iodine as an explanation for the protective effect of iodide. 

Effect of high iodine diets on the susceptibility of thyroidectomized rats to ANTU. 
Since iodine did not appear to exert its protective effect through a direct reaction 
wth ANTU it was necessarj’- to consider indirect mechanisms which might be 
involved in the protective effect. In this connection it was of interest to examine 
the effect of high iodine diets upon the resistance of thyroidectomized rats to 
AA^TU. The rats were thyroidectomized at least two weeks prior to being used 
for these experiments. 

The LD 50 of ANTU to a group of 21 thyroidectomized animals receiving a 
normal diet was 4.7 mgm./kgm. as compared with an LD 50 of 6.8 mgm./kgm. 
for normal rats fed an adequate diet. The LD 50 of ANTU to a group of 21 
thyroidectomized animals eating a diet containing 5.7 mgm. of iodine per gram 
of diet for 5 days was 8.5 mgm./kgm. These animals consumed an average of 
LO gram of iodine/kgm, of body weight during the 5-day feeding period whereas 
normal animals consumed 1.37 grams of iodine/kgm. during a similar period. 
Whereas 1.0 gm./kgm. of iodine produced little protection over a 5-day feeding 
period in thyroidectomized rats the LD 50 for control animals receiving the same 
quantity of iodine increased to about 60 mgm./kgm. From these experiments 
It may be concluded that iodine affords very little protection against ANTU to 
thyroidectomized rats indicating that the thyroid gland is involved in some 
manner in the protective action of iodine against acute poisoning by ANTU. 

Effect of desiccated thyroid on ANTU poisoning. The absence of the protective 
effect of iodine on ANTU poisoning in thyroidectomized animals suggested test- 
ing the effect of desiccated thyroid added to the diet on the toxicity of ANTU 
in order to ascertain whether iodide exerted its protection by increasing the 
quantity of thyroxin or diiodotyrosine in rat tissues. A diet containing 12.5 
mgm. of desiccated thyroid per gram was fed for two days. This feeding period 
ivas chosen because inorganic iodides were effective in affording protection 
ngainst ANTU if given 6 hours prior to ANTU. Thus, if inorganic iodides were 
converted to di-iodotyrosine or thyroxin such a conversion must have taken place 
mthin 6 hours. A group of 10 rats consumed an average of 15.3 grams of food 
per rat per day which is comparable to normal food consumption and they lost 
3n average of 10.1 grams per rat per day which indicated that the desiccated 
thyroid had some effect on metabolism. None of these animals survived 10 
mgm./kgm. of ANTU indicating that desiccated thyroid exerts no protective 
Action against ANTU in the doses given in this experiment. 

If the protective action of iodide involved conversion to di-iodotyrosine or 
thyroxin then the latter substances should be at least as effective as inorganic 
mdide in offering protection against ANTU. However, the injection of 16.9 
mgm./kgm. of di-iodotyrosine (containing 10 mgm./kgm. of iodine) immediately 
before ANTU or 24 hours prior to ANTU afforded no protection while a similar 
quantity of inorganic iodide protected some of the animals against the lethal 
effects of 10 mgm./kgm. of ANTU. 

Discussion. The results of these studies indicate that variations in dietary' 



328 


RICnAHD U. BYERRUM AND KENNETH P. DUBOIS 


carbohydrate, fat, and protein, the three main constituents of the diet, had no 
effect on the susceptibility of rats to ANTU except when low protein diets, inade- 
quate for growth, were fed. Lowering the protein content of the diet to 6% or 
to 0% resulted in a significant reduction in resistance to AN'TU. These results 
with AXTU are in accord with observations by Diekc and Richter (1) who found 
that a low protein diet increased the susceptibility of ruts to thiourea although 
those investigators found a much more pronounced effect on susceptibility to 
thiourea than was noted in our experiments with AXTU. From the experiments 
reported here it is apparent that the gre.at difference in susceptibility of omnivo- 
rous and herbivorous animals to AX'TU cannot be ascribed dii-ectly to differences 
in protein, carbohydrate, or fat content of their immediate diet. 

It was found that eertain other constituents of the diet increased the resistance 
of animals to .VXTU. .V 1% cystine diet fed for 5 days nearly doubled the re- 
sistance to .VXTU and the same amount of resistance was observed when the diet 
was fed for 10 days. It w.as interesting that the protection by cystine was no 
longer observed when the diet was fed for 30 days and that increasing the 
amount of cystine from 1 to 5% did not increase the amount of protection. It 
appears that the iiroteetion by cystine was not directly related to the absolute 
quantity of cj’stine eaten in any given feeding period and cystine was ineffective 
in protecting animals against .-\.XTU unless choline was also added in adequate 
amounts. The mechanism underlying this transient protection by cystine was 
not examined in these studies but it seems possible that it might involve an 
interference by cystine with thyroid function. 

Of the dietarj' constituents examined iodide provided the greatest amount of 
protection against .AXTU for it was possible to produce a l3-foId increase in 
the resistance of rats to .AXTU by feeding a diet high in iodine for 10 days. That 
protection could not be obtained by the administration of iodine immediately 
prior to or after AXTU seems to eliminate direct interaction of AXTU and iodine 
as an explanation for the protective action. The inabilit}- of iodine to protect 
thryoidectomized rats indicates that the protective action of iodide is mediated 
through the thyroid gland. This suggested that the protective action of iodide 
might depend on its convei-sion to di-iodotyrosine or thyroxin. Such a conver- 
sion would explain the necessity of administering the iodide at least G hours prior 
to ANTU. However, no evidence in support of such an explanation was ob- 
tained in the experiments presented here. Neither di-iodotyrosine nor thyroid 
extract offered any protective effect in the doses administered. Studies on the 
distribution of iodine in the tissues of AXTU-poisoned animals as well as the 
tissues from animals fed large amounts of iodine seem worthwhile in attempting 
to elucidate the mechanism by which iodide protects against .AXTU. 

The experiments reported here suggest that differences in certain constituents 
of the diets of omnivorous and herbiverous animals may play a role in the species 
variations in susceptibility to ANTU. In addition, however, it is also possible 
that differences in the metabolism of iodine and in thyroid function may be im- 
portant in connection with the species variations in susceptibility to ANTU. 
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SUMMARY 

1. Variations in the fat, carbohydrate, and protein, within limits which pro- 
vided normal or nearly normal growth of rats, did not alter the resistance of rats 
to AKTU poisoning. Lowering the protein content of the diet to 6% or 0 % 
slightly increased the susceptibility to AKTU. 

2. A diet high in cystine proidded rats with some protection against ANTU 
poisoning when the diet was fed for 10 daj's. If the same diet was fed for longer 
periods, however, the protective action of C 3 'stine was lost until at 30 daj's no 
protection remained. It was necessary to provide enough choline in the diet to 
give normal growth before cj'stine increased the resistance to AKTU. 

3. Potassium iodide or Lugol’s solution fed either in the drinking water or in 
the diet protected rats against large doses of AKTU. Potassium iodide fed at a 
level of 5.7 mgm. per gram of diet for 10 days provided rats vdth enough resist- 
ance to survive doses of AKTU as high as 100 mgm./kgm. 

4. A diet containing 5.7 mgm. of iodine/gram provided thj’roidectomized rats 
vith much less protection than it did normal animals against AKTU. 

5. The intravenous injection of iodine as diluted Lugol’s solution immediately 
sfore the administration of ANTU resulted in no observable protection against 

the rodenticide. 

6. A diet containing 12.5 mgm. of desiccated thyroid per gram fed for a 2-day 
period offered no protection to rats against ANTU. 
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The -widespread use of barbiturates has attracted considerable interest to the 
metabolic fate of these compounds. The variation in duration of action of mem- 
bers of this group has usually been attributed to differences in manner of deto.vi- 
fication. It is the purpose of this report to describe observations on the in vitro 
and in vivo destruction of certain barbiturates and to correlate these ivith known 
observations regarding their pharmacological properties. 

A large number of investigators have studied the duration of narcosis produced 
by various barbiturates on animals pre^oiisly treated with liver poisons such 
as phosphorus, chloroform, and carbon tetrachloride. Thus Pratt and coworkers 
(1, 2) found that rabbits poisoned with phosphorus showed a prolongation of 
narcosis by pentobarbital but not by barbital. They postulated that pentobarbi- 
tal is destroj’ed by the liver but barbital is not. In contrast, ICoppanyi, DiUe, 
and Linegar (3) found that the action of both sodium barbital and pentobarbital 
was prolonged in cats and rabbits treated with chloroform. These investigators 
concluded that this tj'pe of e.xperimcnt was not adequate to determine the site of 
detoxification, since the direct effect of the toxic agent on the nervous system 
was not controlled. A number of workers have since confirmed the fact that at 
least -with the “short acting” barbiturates, definite prolongation of narcosis fol- 
low's treatment with substances known to be toxic to the liver. 

Other workers have studied this problem by the use of partial hepatectomy. 
Thus Schleifley and Higgins (4) found that this procedure caused marked pro- 
longation of anesthesia in rats by ethyl-o-ethylphenjdurea .and pentobarbital but 
not by pentothal. They concluded that the former two compounds were broken 
do-nm by the liver, but the latter is not. Using a similar technique Mason and 
Beland (5) have studied an e.\tensive series of barbiturates. They obtained 
e-vidence indicating that ipral, amytal, pentobarbital, nostal, ortal, alurate, 
Seconal, allyl-pental, evipal, thioethamyl, neonal, dehinal, phanodorn, and dial 
were detoxified by the liver while barbital, phenobarbital, pentothal, propj’l 
1-methylallyl, and allyl 1-methylallyl thiobarbiturates were not broken down by 
by this organ. This is of interest since, in conformity with Schleifley and Hig- 
gins (4), the conclusion was reached that pentothal was not degraded by the liver. 

A variety of studies have been carried out concerning the role of the kidney in 
detoxification of barbiturates. The techniques used have not distinguished 
between destruction and excretion of these compounds. Hirshfelder and Haury 
(6) found that bilateral nephrectomy in rabbits prolonged the action of phenobar- 
bital and barbital but did not affect the duration of action of amytal, alb'I 
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isopropyl barbituric acid, neonal, ipral, dial, phanodom, or pernoston. IMurphy 
and Koppanyi (7) produced nephrosis in dogs and rabbits by the use of tartaric 
acid, potassium chromate, and uranium acetate. Thes’’ found that such treat- 
ment resulted in failure to recover from barbital anesthesia but had no effect on 
anesthesia produced by neonal, sandoptal, pentobarbital, or pernoston. More 
recently Masson and Beland (5) have reinvestigated this question using bilater- 
ally nephrectomized rats. They concluded that barbital and phenobarbital are 
detoxified mainly in the kidney while neonal, delvinal, phanodom, and dial are 
deto.xified appro.ximately equally in the kidney and liver. 

Relatively few studies have been concerned with the in vitro destruction of 
barbiturates. Martin, Herrlich, and Clark (8) using macerated tissues, claimed 
that skeletal muscle, spleen, and liver destroy evipal, while brain, kidney, and 
blood donot. Determination of barbiturates was based on injection of extracts 
and could hardly be considered quantitative. Delmonico (9) studied the effect of 
24 hour incubation of minced rabbit muscle, kidney, brain, and liver with pento- 
barbital, sodium amytal, and pentothal. He concluded that all four of these 
tissues were able to destroy these compounds. The ability of these tissues to 
degrade all three drugs was in the following order; liver, kidney, skeletal muscle, 
and brain. These experiments are open to the serious objection in that there is 
no mention of sterility being maintained, thus making uncertain the role of con- 
taminating microorganisms. 

Methods. The barbiturates were determined by an ultra violet spectrophotometrio 
method recently devised in this laboratory (10, 11). This depends on extraction of the 
Ofugs from biological materials by redistilled chloroform and determining their absorbtion 
of ultra violet light, either in chloroform or 0.5N NaOH, by means of the Beckman Spec- 
trophotometer. 

In vivo experiments were performed on white mice weighing appro.ximately 20 gm. each, 
he appropriate drug was injected intraperitoneally and the animals were kept in liter 
beakers during the experimental period. The animals were killed by a blow on the head 
and excreta washed out of the beaker with 40 cc of Q.2M acetate bu0er (pH = 5.0) and 250 
cc of redistilled chloroform. The entire animal plus the buffer and chloroform were then 
P seed in the "Waring blender until the animal was completely homogenized. The mixture 
Fas centrifuged and the separated chloroform layer was clarified by the additionof 5gm. 
of anhydrous sodium sulfate followed by gravity filtration. An aliquot of the chloroform 
Fas extracted uith 0.5AI NaOH and barbiturate was determined spectrophotometrically. 

ecoveries were performed with all experiments. These were done by killing animals im- 
mediately after injection and then using the same procedure as was used with experimental 
animals. Recoveries were always appro.ximately 95% of injected drug. By analysis of 
the nhole animal together with excreta the total amount of barbiturate degraded could be 
eterimned independent of excretion or storage. 

Albino rabbits n eighing approximately 3 kg. were used for all tn vitro experiments. The 
animals n ere killed by injection of 30 cc of air in the marginal ear vein. Tissues were removed 
as rapidly as possible and usually less than one hour elapsed between the death of the ani- 
mah and the beginning of the experiment 

Tissue slices uere cut free hand by a razor blade. Breie nere prepared by the use of a 
pair of small scissord. Tissues were homogenized in a glass homogenizer. The tissue slices 
Fern neighed nhile immersed in buffer on a torsion balance 

In vitro experiments n ere performed in 50 cc Erlenmeyer flasks containing a total x-olume 
5 cc of 0.15.V phosphate buffer (pH = 7.0) containing 2% glucose. The flasks were im- 
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merscd in n water bath at 3S° and slinkcn for three liours. With each experiment known 
Amounts of drug were added after incubation of an aliquot of tissue. Itccoverics were at 
least 95% in all cases. All experiments were repeated twice in duplicate Although the 
absolute amount of degradation varied (10-20%) in different experiments the comparative 
results were constant. All data gix'cn are representative of at least four animals. 

ExPERijtEXTAL : The first group of experiments consisted of a stud)' of 
the ability of the intact mouse to break down certain representative barbiturates. 
Table 1 illustrates the results obtained in a group of such experiments. It will 
be noted that both pentothal and seconal are almost entirely destroyed under 

TABLE 1 

In vito dcslruction of barbiturates 

All drugs were injected intr.aperitoneally. Analj'sis was performed on whole animal 
plus excreta. Results given are average of two animals. All experiments were done 
twice. 
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Phenobarbital 
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24 
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Barbital 
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24 
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TABLE 2 


Relationship of pentothal degradation to method of preparation of tissue 
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250 
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Liver homogenate . . 

500 
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Liver slices 

250 

60 

30 
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Liver brei 

400 

00 

52 

13 

Kidney slices 

250 

00 

42 

30 

Kidney brei 

400 

60 

47 

21 


these conditions. A smaller but definitely significant amount of phenobarbital 
is destroyed. Only slight destruction of baibital occurs. It should be pointed 
out that in these e.xperiments no attempt to measure excretion separately was 
made, since e-xcreta xvere pooled with the animal. 

The remaining studies were pei formed m vitro to determine the site of detoxifi- 
cation of x'arious barbiturates The first of these were conducted m order to 
determine the manner in which the tissue can best be piepaied 

Table 2 illustrates theiesults of two e.xpeiiments, the first compares the activity 
of lix’cr slices and homogenates, and the second compaics liver slices to lix'er biei 
and kidne)' slices to kidney biei. It will be noted from these data that homogeiii- 
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zation results in almost complete destruction of the ability of liver to break down 
pentothal. More activity is retained by brei, but this is not as high as t a o 

The apparent loss of enz3’me activity on homogenization of tissues not ^ 
usual. Manj' explanations such as dilution of coenzjTnes and instaln ity ® ® 

enzyme on separation from structural components have been advance to e.xp am 
this phenomenon. No attempt at further elucidation was made in this study. 

The rate of degradation of a given substrate is generally proportiona.1 to the 
concentration of enzyme-substrate complex. This in turn is proportiona o 
concentration of substrate providing the amount of substrate is below t at neces 

sary for complete saturation of the enzyme. _ r i, -u-t f 

Table 3 illustrates two experiments in which the concentration of ar i ura e 
was varied while the amount of enzyme (250 mgm of liver slices) was Icep con 
stant. It will be noted that the amount of barbiturate broken down increases 

TABLE 3 


Relationship of barbiturate added to amount of degradation by liver shoes 


MUG ADDED j 

DKDC EECOVEEED 

DRUG DEGRADED 

% DEGRADED 


Pentothal 

uU 

jiSr 

jrif 


ulf 

.023 

.002 

.021 

91 

.036 

.046 

.017 

.028 

61 


.092 

.049 

.041 

49 


.184 

.127 

.057 

31 


Seconal 

.023 

.012 

.011 

48 

.069 

.046 

.025 

.021 

45 


.092 

.062 

.030 

32 


.184 

.140 

.044 

24 



with concentration approaching a maximum at 0 184 mM. The ast eo umn 
gives the dissociation constant of the enzyme-substrate complex as ca c a e 
from these data according to the following equation. 

,._(£) (S) 

^ ' (ES) 

(ES) = Concentration of enzyme-substrate complex 
(E) = Concentration of free enzyme 
(E) = 2E - ES 

(S) = Concentration of substraie r i.- t 

(2E) was obtained graphically and is proportional to the rate o reac ion a 
saturation of the enzjmie. At 0.184 mil/, the error in determining the value of 
2E becomes so important that K cannot be calculated wath any validity. (Eb) 
i' proportional to the rate of reaction at any given enzy-me concentration. 
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The errors in tlus type of experiment (use of tissue slices, permeability, extrac- 
tion of barbiturates, etc.), make an exact determination of K unlikely, but despite 
these relative constancy is obtained. The lower value of KpeatoUua than 
Ki«on»i indicates that pentothal is more tightly bound to the enzjTne and thus 
is more rapidly broken down at lower concentrations. These data are of interest 
as an illustration of the application of this method to a stud3' of the relative rates 
of detoxification of related drugs. 

The ne.xt group of experiments were performed to determine the abilitj' of liver 
slices to break down various representative barbiturates. In order to be sure 
that the liver slices used on different days were comparable in activity, pentothal 
or Seconal were used in eaeh experiment and compared with each new compound 
being studied. It is obvious from the data in table 4 that pentothal, seconal. 


TABLE 4 

Degradation of various barbiturates bp liver slices 


BjuamruiTz 

AUOCKT ADDtO 

atrcovntfl 

SiZGXXDZD 

Pentothal 

nieregrarts 

120 

74 

38 

Seconal 

120 

87 

28 

Phenobarbital 

120 

120 

0 

Seconal 

1 

120 

j 

S7 

28 


120 

9S 

18 


120 

120 

0 


120 

70 

1 41 


120 

S4 

30 


120 

lOG 

12 


, 120 

63 

47 


120 

8S 

27 


120 

120 

0 




amytal, pentobarbital, and nostal are readily broken doun by rabbit liver slices 
under the conditions employed. Slight destruction of alurate was also obtained. 
There is no apparent destruction of barbital, phenobarbital, or ipral. 

The next studies were concerned with the role of other tissues in the break down 
of barbiturates. Table 2 shows a comparison of the ability of liver and kidney 
slices to degrade pentothal. It is apparent that kidney as well as liver destroys 
pentothal. On a wet weight basis kidney slices has been consistently less active 
than liver slices. 

Table 6 presents the results of a series of experiments comparing the relative 
abilities of liver and kidney slices to degrade certain representative barbiturates. 
Pentothal was included in all experiments for reference purposes. It is immedi- 
ately obvious from these data that only pentothal is degraded by kidney slices 
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at an appreciable rate. In marked contrast to liver slices, kidney slices do not 
degrade seconal, amytal, or pentobarbital. _ 

A limited study of other tissues "was also carried out. Due to techmcal ajmc 

ties it Tvas not possible to compare brain and muscle to liver according to the slice 
technique. Accordingly liver brei was compared with muscle and brain 
Table 6 gjves the results of such experiments using three representative bar itu 
rates. There is endence of sUght degradation of pentothal by brain tasue. 
Although the utilization was small it was consistently obtained. Iseither ram 


TABLE 5 


SMetzvun: 


Pentothal. 
Seconal 


Pentothal 

Pentobarbital. 


Pentothal 

Amytal 

Barbital 

Phenobarbital. 


1 UVEX 


XIDJCEY 


Added 

Kectn'cred 

Degraded 

Added 

Recovered 

% Degraded 

pr 

fit 

pr 

pr 

Pf 

25.0 

120 

60 

so 

120 

90 

120 

70 

42 

120 

! 118 

1 

0.7 

120 

67 

45 

120 

90 

25.0 

120 

91 

24 

120 

115 

4.0 


i 


120 

92 

25.0 




120 

120 

0 




120 

120 

0 




120 

120 

0 


120 1 


TABLE 6 

Degradation of iarbituraUt by liver, brain, and mvecle brei 


EAUrrUlATE 

Exvrx % Dzsaxjcaoif 

sxAZK pESxarcnoH 

Seconal 

30 

0 

Pentothal , 

53 

10 

Phenobarbital 

0 

0 


nor muscle brei showed any evidence of degradation of the other barbiturates 
studied. .. -u 

Discussio>'. Pretdous investigations have indicated that short acting bar- 
biturates such as seconal, nembutal, etc., are detoxified in the liver. ort emos 

part this conclusion has rested on indirect evidence obtained from e^enments 
utilizmg liver poisons. The experiments presented in this paper afford direct 
proof that liver does in fact break down certain barbiturates, apparently attack- 
ing the malonyl urea ring. That the ring structure is actuaUy attacked is en- 
denced by the fact that changes in the side chain alone have little apparent effect 
on the characteristic absorption maxima of the malonyl urea and malonyl thio- 
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urea rings which sen'c as the basis of the analj-tical method emploj’ed (10, 11). 

A special case is presented by sodium pentothal which is a thiobarbiturate 
Previous workers (4, 5) have concluded that this compound is not detoxified by 
the liver. This conclusion has been reached on the basis of the failure of partial 
hepatectomy or liver poisoning to interfere mth recovery from pentothal narcosis. 
The results presented above indicate that the liver can in fact destroy pentothal 
at a rate comparable to the destruction of other short acting barbiturates. The 
fate of pentothal differs from the others in that only this compound can be broken 
down by the kidney and possibly the brain. It is obvious that previous tj^pes of 
experimentation would have missed this point, in that although liver can destroy 
pentothal, after poisoning or partial hepatectomy, pentothal maj' still be de- 
stroyed by the kidney at an almost comparable rate. 

This point has some immediate clinical importance in that there has been some 
variation in opinion as to the safety of the use of pentothal anesthesia in patients 
wth liver disease. Thus while various investigators have concluded that pento- 
thal is not destroyed by the liver, Mousel and Lundj- (12) have reported pro- 
longed anesthesia due to pentothal in a patient with advanced cirrhosis. This 
might be expected from the results reported in this paper although the degree of 
prolongation will depend on the extent to which the kidney is able to break down 
pentothal. A final answer to this question must be obtained from in vivo e.xperi- 
ments and clinical e.xperiencc. 

Although we have obtained e\idencc of the destruction of phenobarbital by 
the intact mouse no evidence of the tissue involved was obtained from our in vitro 
e.xperiments. It is likely that the rate of destruction is too slow to be apparent 
in these short term experiments. 


SUMMARY 

1. Pentothal and seconal are rapidly destroyed bj’ the intact mouse. Under 
similar conditions a much smaller degree of degradation of phenobarbital occurs, 
while there was no evidence of degradation of barbital. 

2. Rabbit liver slices degrade pentothal, seconal, amytal, pentobarbital, and to 
a slight extent alurate. Liver brei shows somewhat less activity whilehomogen- 
ized liver shows no activitj”. 

3. Pentothal is the only barbiturate tested w'liich is degraded by kidney slices. 

4. Muscle and brain brei do not destroy any of the barbiturates tested with 
the exception of slight destruction of pentothal by brain brei. 

5. The evidence presented indicates that the kidney breaks down only the 
malonyl thiourea ring while the liver breaks down both the malonyl thiourea and 
malonyl urea rings. The speed with which the rings are attacked varies with the 
nature of the side chains. 
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One of the difficulties encountered in the biological assajdng of drugs which are 
insoluble or unstable in water is the selection of a sol vent, or a suspension medium, 
which will not alter the chemical state of the compound under investigation, and 
which is non-toxic for the test animal under the experimental conditions selected. 
In regard to the latter, the toxicity of any solvent is a function of the animal used, 
the route by which the investigated substance is administered, and the quantity 
of solvent, per kilogram of bodj’ weight, to be used as diluent. 

Since the albino mouse is one of the most readily available, and, therefore, most 
frequently used laboratoiy animals; and since, furthermore, the intraperitoneal 
route of drug administration is among the simplest and most expedient, particu- 
larly in preliminar}’ studies of drugs, it was felt that an investigation of the 
toxicity of a number of readily obtainable solvents bj’ intraperitoneal injection 
in mice would be of interest and of value to a large number of investigators. 

Although the acute and chronic toxicit 3 ' of various members of the gh’col, 
glycol ether, glycol ester, and phthalate series have been investigated (1-13), no 
reports on the effects of the intraperitoneal administration of these substances in 
mice have been found in the available literature. Tilth this in mind, toxicity 
studies on Carworth Farms albino mice were conducted with 16 compounds be- 
longing to the previously mentioned series. 

Experimental. Female, albino, Cartvorth Farms mice kept on a standard weekly diet 
of Gaines’ dog biscuits, milk bread, meat, peanuts, cabbage or carrots, apples, oranges, 
and water and weighing between IS and 27 grams, were injected intraperitoneally with one 
dose of the pure, undiluted, redistilled solvents under investigation and were observed for 
7 days following injection. 

On the basis of preliminary screening tests with each solvent, the mice were divided into 
6 equal groups, each of which received a different dose, the latter being graduated on a 
logarithmic scale. Every dose was administered to a minimum of si.v mice, and each animal 
was injected according to body weight. In a number of instances the assaj’s were repeated 
with four mice at each dosage level, the results of the second assay being combined with 
those of the first for purposes of calculation. Subsequent to the determination of the 
median lethal dose (LDjo) by the method of Bliss for small numbers of animals (14), as a 
final check, a dose corresponding to the LDso for each compound was administered intra- 
peritoneally to groups of 10 animals. 

Gross and microscopic pathological studies were conducted on animals which died during 
the first 7 days after injection or were sacrificed at the end of the 7 day period of observation. 

♦ An abstract of this paper appeared in Federation Proceedings 6: 342, 1947. 
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Since it was felt that adequate descriptions of the pathological processes following paren- 
teral administration were available in the literature for diethylene glycol, ethylene glycol, 
ethyl cellosolve, and dioxane (6), these compounds were not intensively studied pathologi- 
cally. Observations from the literature are, however, included in the tabulation of the 
data to serve as bases for comparison with those compounds reported in this study. In 
addition, diethylene glycol, although well covered in the literature (6), was treated as a 
control compound and was studied thoroughly to provide a further basis for comparison 
of the pathological data obtained in this study with that in the literature. 

Animals for pathological study were necropsied as soon as possible after death, or im- 
mediately after being sacrificed with chloroform. Six to 10 mice were exanuned both grossly 
and microscopically (at two or more intervale) during the first 7 days after injection of each 
compound. 

Following the gross examinations, organs were fixed in Zenker’s solution, embedded in 
paraffin, sectioned at 5 mu, and stained with hematoxylin and eosin. Heart, lungs, liver, 
spleen, and kidneys were examined microscopically in all animals, and pancreas, adrenals, 
thymus, lymph nodes, bone marrow, sympathetic tissue, gastrointestinal tract, testis, and 
ovary in a smaller number. 

Results: A. Median Lethal Doses, Minimum, and Maximum Mortality Data. 
The median lethal millimolar doses (LDso’s) in increasing order of the toxicity of 
the various solvents investigated were as follows: propydene glycol — 127.87, di- 
ethylene glj’col — 91.69, ethylene glycol — 90.55, triethylene glycol — 54.27, dipro- 
pylene glycol — 33.54, ethyl carbitol — 29.14, methyl cellosolve — 28.25, ethyl 
cellosolve — 18.97, dimethyl phthalate — 18.75, dibutyl phthalate — 14.87, eth- 
ylene glycol monoacetate — 13.93, diethyl phthalate — 12.37, dioxane — 8.97, glycol 
diaeetate — 8.14, butyl carbitol — 5.24, and allyl diglycol carbonate — 0.98. Fur- 
ther data, including formulas, molecular weights, and specific gravities of the 
compounds; LDso’s in ml./kg., gm./kg., and millimoles/kg., with their respecti%'’e 
^andard errors; and regression line slopes, with their standard errors, are included 
>a table 1. In table 2 there are enumerated for each compound, the highest doses 
which gave 0 per cent mortality both during the first 24 hours and during the 
total observation period of 7 days. In addition, this table also contains similar 
data for the lowest doses which produced 100 per cent mortality. 

B. Pathological Changes. The pathological changes in any one organ, when 
present, were essentially the same for all the compounds of this series, although 
t e relative severity of the lesions varied with the solvent and with the survival 
time of the animal. The observed changes were as follows: 

Heart Occasionally', cardiac dilatation was evident during the first 24 hours; 
there were, however, no gross changes after this time and no microscopic 
changes at any time. 

Lungs Varying degrees of congestion, atelectasis, edema, and hemorrhage 
Were found. The earliest alterations observed were, usually, diffuse congestion 
Snd patchy atelectasis, which were succeeced, first, bj' more extensive atelectasis 
P^'^chy edema and, later, by more extensive edema nfth petechial hemor- 
^Mge. Massive pulmonary' hemorrhage was rare, and bronchopneumonia was 
observed in only a few instances. In animals surviving 7 days, the pathological 
manifestations were decreased in severity' but were of essentially' the same 
bature. 



TABLE 1 

The acute inlrapcriloncal toxicity of some undiluted glycols, glycol ethers, glycol esters, and phthalates in C, F., female mice observed for sci’cti days 

following injection 
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Liver ^Varying degrees of congestion were commonly seen during the first few 
dys. Those compounds which caused lymphoid tissue damage produced similar 
wjury to the lymphoid follicles around the larger ducts and blood vessels. 
Similarly, leukocytosis was accompanied bj' an abnormally high number of 
white cells in the sinusoids. In a few animals, there was pyknosis of hepatic 
cells during the early stages, and in a still smaller number, there was evidence 
0 mild necrosis. No compound, however, produced the degree of liver damage 
reported elsewhere for dioxane and some related compounds (6), although in 
several cases, there was a marked increase in the number of mitotic figures 
visible in the liver at the end of 7 days. This effect, which was observed also 


TABLE 2 

Volumetric Doses Resulting in Zero and in 100 Per Cent JIf orlality During the First 
S4 Hours and During 7 Days Following Jnlraperiloneal Injection 


of the Various Solvents in Mice 


COICPOUNDS IK OUOta or INCSEASINC MOUtE 
Toxicims 

HIGBEST DOSE 
WHICH CAVE 

0 yOKTAUTY 
OOUNC 1 st 24 
HOOHS 

HIGHEST DOSE 

wmca CAVE 

0 MOaiAUTY 
DUEINO 7 DAY 
PEEJOD 

LOWEST DOSE 
WHICH CAVE 
100% MOETALm 
DDStNC 1 st 24 
HOUS5 

LOWEST DOSE 
WHICH CAVE 
100% MOSTALITY 
DHSHfC 7 DAY 
PESIOD 

1. Propylene Glycol 

ml./lf. 

mt./kt. 

ml /if. 

ml./kg. 

7.37 

3.69 

20.84 

14.70 

2. Diethylene Glycol 

7.38 

4.94 




»■ Ethylene Glycol 

4.49 

3.63 

6.16 

6.16 

’• Triethylene Glycol 

5.34 



7.98 

5. Dipropylene Glycol 

4.88 

- . 



6. Ethyl Carbitol 

3.61 

2.93 




7- Methyl Cellosolve 

1.80 

1.80 





• Ethyl Cellosolve 

1.59 



. 

2.24 

. * ^^niethyl Phthalate 

2.50 



4.34 

4.34 

Dibutyl Phthalate 

2.40 

2.05 



4.80 

U. Ethylene Glycol Monoacetate 

1.60 




1.90 

Phthalate 

1.70 

1.70 

3.40 

3.40 

Dioxane 

1.65 



1.65 

Glycol Diacetate 
‘5. Butyl Carbitol 

0.80 

1-31 

0.80 

— 

1.03 

^j^Allyl Diglycol Carbonate 

0.19 

0.15 

0.37 

0.37 


m the lymphoid tissue and gastrointestinal tract, could not be related to earlier 
pyknosis or necrosis of hepatic cells. 

opieen — With most of the solvents studied, splenic damage occurred very 
®^rly after injection and consisted of pyknosis, degeneration, and fragmentation 
0 the lymphocytes of the malpighian follicles, followed by phagocytosis of 
Cons and reticulum cell proliferation. The red pulp showed congestion, lesser 
f’^ounts of lymphocyte fragmentation, and occasionally an increased amount of 
emosiderin. By the end of the seventh day, the acute, degenerative phe- 
nomena had decreased in severit 3 ', and active lymphocyte regeneration, with 
n'ony mitotic figures, was found in manj' of the animals, 
hidnej' — Kidnej' damage, both glomerular and tubular, occurred with all the 
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compounds, although there was considerable variation in the relative degrees 
0 amage to glomeruli and tubules among animals as well as among compounds. 
Protein leakage through the glomerular tufts was accompanied by varying 
ainounts of eorinophilic protein precipitate in the capsular spaces and proximal 
tubules, and dilatation of the capsular spaces and proximal convoluted tubules, 
n some cases, the tubular damage developed as rapidly as the glomerular, hut 
more usually it followed the glomerular changes. It consisted of mild to mod- 
erate e^neration of the epithelial cells of the proximal convoluted tubules, 
oops 0 Henle, and distal con^'oluted tubules, ^\*ith sloughing of the c^’toplasm 
into the lumens, vacuolation of the cytoplasm, and nuclear pyknosis. Although 
small protein casts, composed apparcntlj' of transuded plasma protein in some 
animals, and of renal epithelial cytoplasmic protein in others, were common, no 
e\T ence of cri’^stal formation in the tubules, or of tubular obstruction by these 
casts was seen. Furthermore, tubular necrosis with cast extrusion, as is seen 
in emoglobin kidney damage, did not occur. In several animals, small sub- 
capsular patches of pyelonephritis were found, but this was felt to be an in- 
ci ei^ finding, since it has been noted in many animals from the same colony 
sacn ce in other projects. In no instance was pyelonephritis, or interstitial 
in retion, or fibrosis thought to be related to the administration of the com- 
poun . While, in some cases, the tubular changes showed significant resolution 
\ ^ ° ^ occasionally moderate to marked epithelial flattening was 

0 serve , and, irith several compounds, the glomerular protein leakage con- 
tinued or even increased during this period. 

Pancreas— Onlj' one compound, allyl diglj’col carbonate, caused pancreatic 
changes. These co^isted of swelling of the nuclei of both the acinar and the 
IS et tissues, producing large, vesicular nuclei microscopicalh' resembling glyco- 
gen-filled liver nuclei. 

Adrenals ^There were no observ'able changes in the medullae and no e\idence 
of necrosis or of mitotic abnormalities; the adrenals did e.xhibit varjing degrees 
of hpoid depletion of the cortex. 

Thymus and L3'mph Nodes — These tissues showed essentially the same 
changes as did the splenic \yhite pulp, with Ij'mphocjde fragmentation followed 
by reticulum cell proliferation and phagocjdosis of cell debris. 

Bone Marrow— There were no abnormalities in the animals examined. 
Sympathetic Tissue No microscopic changes were observed in the retro- 
peritoneal, sympathetic ganglia, or in the aortic body, which was incidentally 
sectioned in a few cases. 

Gastrointestinal Tract Except for edema of the mucosal stroma, and in- 
creased mucous secretion in some animals, no abnormalities of the gastro- 
intestinal tract proper were observed during the first few days. However, the 
lymphoid follicles and the free cells of the wall showed degenerative changes 
similar to those previously described for compounds producing lymphoid damage. 

Testis In all the spermatogenic cell-layers, there was extensive pyknosis 
during the early stages, but no atrophy or other late effects of testicular damage 
were found. 

Ovary — No ovarian abnormalities were observed. 
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Peritoneum— Fresh hemorrhage, seen in the peritoneal cavi les o rare 
djing shortly after injection, was never felt to be of sigm can 
scopic evidences of perisplenitis (apparently chemical) v ere seen in a 
larger number dying or sacrificed from the fifth to the seven ay. o 
lion of these findings with the drug or dose given could be ma e, an 
evidences of reactive peritoneal congestion or effusion were no e m an 
animals autopsied. , . „ ,• 

In table 3, for each compound investigated, there are grap ca y 
relative severity of the major pathological changes observe rom e 
the fourth day, inclusive, and from the fifth through the seven ay, 
lion, pertinent pathological comments are included for eac 
Discussion. That any solvent, regardless of its degree o i ’ 

may adversely affect the well-being of the animal to some ex en is ,. 

it is considered that the use of a substance in pure form as a • i 

means the introduction, into the organism, of a considem y JP 
tion. the action of which may lower the resistance of the ^ 

potentiate the toxic action of the assayed material, h oreover, i j „„ 

a solvent-engendered hyperemia may result in a more rapi - ^ asain 

absorption which may tend to overwhelm the detoxifying mechanisms ag 
apparently increasing the tox-icity inherent in the drug being 
In several instances, despite the fact that .'^^d'sti! ed co^pounj v em 
used in this study, the pH of the solvents as determined with ^ S 
indicated marked deviations from neutrality towar s ^ nrnbablv the 
assays with neutralized solvents revealed that these dwia lo , 
consequence of a low depee of hydrolysis, were not sufEcienc y g 
the mortality data originally obtained. Vnlneted into 

The median lethal doses determined for all compoun s period 

groups of 10 mice which were then observed ^or the Prescribe _ 

IVhen the mortalities fell within the ranges tP> 0.0 ) cu ^ 

meters of the respective dosage-mortality curves, no ur er ^ggays y-ere 

gathered. In a few instances, when a check was no o a ’ jpfjjyiduals 

mpeated. The pathological studies revealed that a small uumb 

in some groups of mice had an apparently natura y occurnn signifi- 

although it may have altered the survival times of the anim > infiltrees 

cant difference; in the pathological changes observed; 

in addition, did not seem to differ, in sensitivity to the lymphotoxic action ot 

series of compounds, from normal lymphoid tissue. nprped with 

In general^he pathological changes observed thi^s tudj ngreed^wuth 

those reported in the literature, with the lungs, lymp oi . 

teing the viscera most affected. Less liver damage 

reported for dioxane and related compounds {6); w e er different 

cnees in the times at which pathological studies -- done to the diffment 

route of injection, to dietary or other correlation with the litera- 

structures of the compounds, is not certain, bu r,„mVipr<; nf animals 

ture obtained with di ^lene glycol and. based on smaller 
uith ethylene glycol and dioxane, suggests that the last fac gm 
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compounds, although there was considerable variation in the relative degrees 
of damage to glomeruli and tubules among animals as well as among compounds. 
Protein leakage through the glomerular tufts was accompanied by varying 
amounts of eorinophilic protein precipitate in the capsular spaces and proximal 
tubules, and dilatation of the capsular spaces and pro.ximal convoluted tubules. 
In some cases, the tubular damage developed ns rapidly as the glomerular, but 
more usually it followed the glomerular changes. It consisted of mild to mod- 
erate degeneration of the epithelial cells of the proximal convoluted tubules, 
loops of Henle, and distal convoluted tubules, %rith sloughing of the cj'toplasm 
into the luinens, vacuolation of the cytoplasm, and nuclear pyknosis. Although 
small protein casts, composed apparently of transuded plasma protein in some 
animals, and of renal epithelial cytoplasmic protein in others, were common, no 
evidence of erj'stal formation in the tubules, or of tubular obstruction by these 
casts was seen. Furthermore, tubular necrosis with cast extrusion, as is seen 
in hemoglobin kidney damage, did not occur. In several animals, small sub- 
capsular patches of pyelonephritis were found, but this was felt to be an in- 
cidental finding, since it has been noted in many animals from the same colony 
sacrificed in other projects. In no instance was pyelonephritis, or interstitial 
infiltration, or fibrosis thought to bo related to the administration of the com- 
pound. While, in some cases, the tubular changes showed significant resolution 
at the end of t days, occasionally moderate to marked epithelial flattening was 
observed, and, with several compounds, the glomerular protein leakage con- 
tinued or even increased during this period. 

Pancreas Only one compound, allyl diglycol carbonate, caused pancreatic 
■changes. These consisted of swelling of the nuclei of both the acinar and the 
islet tissues, producing large, vesicular nuclei microscopically resembling glyco- 
gen-filled liver nuclei. 

Adrenals There were no observable changes in the medullae and no evddence 
of necrosis or of mitotic abnormalities; the adrenals did exliibit v'arjdng degrees 
of lipoid depletion of the cortex. 

Thymus and Ljunph Nodes — ^These tissues showed essentially the same 
changes as did the splenic white pulp, with l3'mphocj''te fragmentation followed 
by reticulum cell proliferation and phagocj-tosis of cell debris. 

Bone Marrow There were no abnormalities in the animals examined. 

Sympathetic Tissue No microscopic changes ivere observ'ed in the retro- 
peritoneal, sympathetic ganglia, or in the aortic body, which was incidentallj' 
sectioned in a few cases. 

Gastrointestinal Tract Except for edema of the mucosal stroma, and in- 
creased mucous secretion in some animals, no abnormalities of the gastro- 
intestinal tract proper were observed during the first few daj’s. However, the 
lymphoid follicles and the free cells of the w'all showed degenerative changes 
similar to those previously described for compounds producing lymphoid damage. 

Testis — In all the spermatogenic cell-laj'ers, there was extensive pyknosis 
during the early stages, but no atrophy or other late effects of testiculardamage 
were found. 

Ovary — ^No ovarian abnormalities were observed. 
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Peritoneum— Fresh hemorrhage, seen in the peritoneal cavities of rare animals 
djing shortly after injection, was never felt to be of sigmficant degree; imcro- 
scopic evidences of perisplenitis (apparently chemical) were seen in a slig t y 
larger number d3’ing or sacrificed from the fifth to the seventh daj'. No corre a 
tion of these findings with the drug or dose given could be made, and no 
evidences of reactive peritoneal congestion or effusion were noted in anj o t e 


animals autopsied. . ■ j v, 

In table 3, for each compound investigated, there are graphically listed the 
relative severitj'' of the major pathological changes observed from the first to 
the fourth daj', inclusive, and from the fifth through the seventh da} ; in a 
tion, pertinent pathological conunents are included for each compound. ^ ^ 
Discussiox, That any solvent, regardless of its degree of inherent toxicit} , 
may adversely affect the well-being of the animal to some e.vtent is L'kely n en 
it is considered that the use of a substance in pure form as a diluting medium 
means the introduction, into the organism, of a considerably hypertonic solu- 
tion, the action of which may lower the resistance of the host and, thereby, 
potentiate the toxic action of the assayed material. Moreover, the production o 
a solvent-engendered hyperemia may result in a more rapid-than-normal drug 
absorption which may tend to overwhelm the detosdfjring mechanisms, again 
apparently increasing the to.xicity inherent in the drug being investigated. 

In several instances, despite the fact that only redistilled compounds were 
used in this study, the pH of the solvents as determined with the glass electrode 
indicated marked deviations from neutrality towards the acid side. ec' 
assays with neutraUzed solvents revealed that these deiriations, probably the 
consequence of a low degree of hydrolysis, were not sufficienc } grea o a er 


the mortality data originally obtained. . . j • <. 

The median lethal doses determined for aU compounds were injected into 
groups of 10 mice which were then observed for the prescnbed i-day penod. 
When the mortalities fell within the ranges (P? 0.05) calculated from the para- 
meters of the respective dosage-mortality curves, no further tOHCity data were 
gathered. In a few instances, when a check was not obtained, the assa} s w ere 
repeated. The pathological studies revealed that a small number of mdivuduals 
in some groups of mice had an apparently natumUy occurnng leuk^a iihich, 
although it may have altered the survival times of the ai^als, caused no si^fi- 
cant differences in the pathological changes obseived; the leukemic infiltrates 
in addition, did not seem to differ, in sensitmty to the l}-mphoto.MC action of this 
series of compounds, from normal Ij-mphoid tissue. 

In general, the pathological changes observed m this stud} agreed vnth 
those reported in the literature, with the lungs, Ij-mpho.d tissues and kidneys 
being the viscera most affected. Less liver damage ob^en-ed than has been 
repoLd for dioxane and related compounds (6); whether this is due to differ- 
ences in the times at which pathological studies were done, to the different 
route of injection, to dietar}' or other factors, or to differences in the chemical 
structures of the compounds, is not certain, but the correlation with the litera- 
ture obtained with diethylene glycol and, based on smaller numbers of animals, 
nith ethylene glycol and dio.xane, suggests that the last factor is the sigmficant 
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one. Similarly, hemorrhagic nephritis, and oxalate crj'stalluiia, which have 
been reported to follow administration of ethylene gl3’col and related compounds 
(15), were not observed in this studj'. 

EOMMART 

The acute, intraperitoneal median lethal doses for 16 solvents belon^g to 
the glycol, gljxol ether, gljxol ester, and phthalate series were determined in 
Carworth Farms, female, albino mice, which were observed for 7 daj’s following 
injection. The LDjo’s, in millimoles per kg., and the patholopcal changes ob- 
served with some of the solvents up to 72 hours were as follows: propylene 
glycol (127.87); dicthylenc glycol (91.69); ethylene glycol (90.55); triethylene glycol 
(54.27) — toxic reaction in spleen and thjmus, renal glomerular and tubular 
damage, high white count, pulmonary congestion, and atelectasis; dipropylene 
glycol (33.54) — renal tubular degeneration; ethyl carbitol (29.14) — toric reaction 
in spleen, renal glomerular and tubular degeneration; we/Ayl cellosolve (28.25)^ — 
toxic reaction in spleen and Ijunph nodes, renal tabular degeneration; ethyl 
cellosolve (18.97); dimethyl phthalate (18.75) — pulmonary congestion and atelec- 
tasis, toxic reaction in spleen and Ij'mph nodes, renal tubular necrosis; dibutyl 
phthalate (14.87) — pulmonary congestion, edema, and petechial hemorrhage, 
toxic reaction in spleen; renal tubular degeneration; ethylene glycol monoacelate 
(13.93)— pulmonary congestion and atelectasis; diethyl phthalate (12.37)— 
pulmonary congestion, edema, and petechial hemorrhage, to.xic reaction in 
spleen, and renal tubular degeneration; dioxane (8.97); glycol diacetate (8.14) — 
pulmonary congestion, renal tubular degeneration; butyl carbitol (5.24) — pul- 
monary congestion and atelectas’s, toxic reaction in spleen and Ij-mphoid tissue, 
glomerular and tubular degeneration; allyl diglycol carhonate(S>.9S) — ^pulmonary 
congestion, atelectasis, and edema, toxic reaction in spleen and lymphoid tissue, 
congestion of viscera, marked renal tubular damage. All fasting controls were 
negative. 

Additional data include formulas, molecular weights, and specific gravities 
of the compounds; LDto’s, with their respective standard errors, in ml./kg., 
gm./kg., and mUlimoles/kg. ; regression fine slopes with their standard errors; 
highest and lowest volumetric doses resulting in 0 and in 100 per cent mortalitj', 
respectively, during the first 24 hours following intraperitoneal injection and also 
for the 7 day observation period; and a tabulation, ndth pertinent pathological 
comments, of the relative severity of the major pathological changes observed. 

The authors wish gratefully to acknowledge the technical assistance of Miss 
Virginia E. Bauer, Mrs. Virginia Bruch, and Miss Lea Somers during part of 
these experiments. 
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Following the report of the rodenticidal action of ANTU (alpha-naphthyl- 
thiourea) and phenylthiourea by Richter (1) much interest has been aroused 
m these substances. Because of the wde use of these agents^ accidental poison- 
ing was anticipated and a search for a suitable antidote was instigated. 

Du Bois (2) reported that sulfhydrjd-containing compounds were inhihited by 
ANTU and suggested that an e.\-cess of available sulfhydryl radical might protect 
the essential sulflij’dryl-containing compounds of the b^ 3 ’. 

Peters et al. (3) in England demonstrated the effectiveness of BAL (2,3- 
dithiolpropanol) as an antidote in arsenic poisoning. Later Gilman et al. (5) 
ound that l-thiosorbitol was also effective in treating poisoning bj' sulfhj'dryl- 
bm^ng substances. In view of this information it seemed logical to studj’ the 
antidotal effectiveness of BAL and l-thiosorbitol in phenjd thiourea poisoning. 
Since the mode of action of ANTU and phenj’lthiourea is apparentlj’the same, 
the latter drug was used in these eperiments because of its greater relative 
Bolubilit}'. 

ExPERlitEOTAl.. Male rats (Wistar strain) weighing approximatelv 200 grams were used 
as the test animals. A solution of phenylthiourea (0,60%) in propylene glycol was prepared. 
Toxicity determinations with propylene glycol showed that as much as 7.5 ml. per Kg. of 
this solvent alone given intravenously was well tolerated. The average amount of this 
solvent injected intravenously or intraperitoneally in these experiments was 1.5 ml. per 
g. Eight milligrams of phenylthiourea per Kg. was the intravenous dose used. This 
dose proved to be an LDn, since 19 of 28 control rats died. Ten mgs. per Kg. given intra- 
peritoneally was found to be an LDi,. L-thiosorbitol, which is very soluble in water, was 
always pven intravenously in the form of a 30% or 40% aqueous solution. BAL was in- 
jected either mtramuscularlj’ or intravenously in the form of a 1.0% solution in propj’lcne 
glycol. An intravenous injection of 25 mgs. of BAL per Kg. was survived by all of the S 
control rats. Previous work by Eagle (4) and others (6) has shown that doses larger'than 
this are toxic. Fifty (50) mgs. of BAL per Ivg. given in a single intramuscular dose killed 
2 of 11 rats. All the intravenous injections were made into the tail veins* 

Results. In table 1 are presented the results of the therapeutic effect of 
thiosorbitol on poisoning produced bj' intravenously administered phenyl- 
thiourea. One gram of thiosorbitol per Kg. given intravenouslj' immediatelj’ 
after the phenylthiourea increased the percentage of survival from 29.5 in the 
controls to 92.0 in the treated group. One and one-half grams of thiosorbitol 
per Kg. given intravenously immediately after the phenylthiourea raised the 
percentage of survival from 29.5 to 83.0. When one hour was allowed to elapse 
between the administration of the phenylthiourea and the intravenous dose of 
one gram of thiosorbitol per Kg. there was no ev-ident antidotal effect. 
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Table 1 also presents data which indicate that intravenous thiosorbitol failed 
to protect rats poisoned intraperitoneally with an LDso of phenylthiourea when 
a one-half hour interval elapsed betw'een the poisoning and the treatment. 

In table 2 are presented the results of the therapeutic effect of BAL on poison- 
ing produced by intravenously^ administered phenjdthiourea. Twenty-five 
(25) mgs. of BAL per Kg. given intravenously immediately after phenylthiourea 
resulted in a higher mortality rate than did the phenylthiourea alone. The 
same result was obtained when the phenylthiourea was followed immediately 
by 25 mgs. of BAL per Kg. intramuscularly and by a second and similar amount 

TABLE 1 


Treatment of phenylthiourea poisoning with intravenous thiosorbitol 


TREATMENT (THIOSORBIIOL) 

KO. OT RATS 

i 

NO. 07 SOSVJVORS j 

PERCENTAGE OP 
SURVIVAL 

(Intravenous phenylthiourea — LD 70 ) 


1-0 gm./Kg. immediately 

50 

46 1 

92 

1-5 gms./Kg. immediately 

12 

10 

83 

1.0 gm./Kg. one hour after poisoning . 

23 

^ ! 

30 

(Intraperitoneal phenylthiourea- 

-LD.o) 


1.0 gm./Kg. one-half hour after poisoning 

16 

1 

0 

TABLE 2 

Treatment of tniravenous phenylthiourea poisoning (ADro) loith BAh 

1 

TREATMENT (BAL) 1 

MO 07 RATS 

NO. 07 SORVTVORS | 

PERCENTAGE OP 
StJttVIVAt 

25mgs./Kg. immediately intravenously . 

6 

^ i 

16 

50 mgs,/Kg. (25 mgs. immediately) (25 
mgs. 1 hour later) intramuscularly 

20 

1 

3 

1 

15 

75 mgs./Kg. (25 mgs. immediateb’-) (50 
mgs. 1 hour later) intramuscularly. 

12 

3 

25 


of BAL one hour later. In the third group presented in table 2 the rats re- 
ceived 25 mgs. of BAL per Kg. intramuscularly immediately after the phenyl- 
thiourea was administered and an additional 50 mgs. of BAL per Kg. by the 
same route one hour later. In this group also, the mortality rate was higher 
than that of the untreated controls. 

Discussion. The results of the e.vperiments presented here indicate that 
protection ia afforded by 1-thiosorbitol when given immediately following poison- 
ing by phenylthiourea, but that if therapy is delayed for 30 minutes or longer no 
apparent antidotal action is evident. These findings are in agreement with 
those of both the British and American workers (3, 4, 5) who have investigated 
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the ability of thiols to reverse the effects of arsenic and cadmium poisoning. 
Both groups found the monotliiols to be ineffective unless given immediately 
after the poisoning. 

BAL produced an increase rather than a decrease in the mortality rate of 
phenyl thiourea poisoning. This occurred when BAL was given either as an 
immediate single dose or in divided doses, one immediately and another one 
hour after the phenylthiourea was administered. 

This successful protection with thiosorbitol and the failure of BAL to protect 
are the some results obtained when cadmium poisoning is treated with single ^ 
doses of these two thiols (5). It is possible that the reason for this discrepancy 
would be disclosed by investigations along the lines suggested by Gilman et al. 
(5) concerm'ng the mode of action of BAL in cadmium poisoning. They postu- 
lated that since renal tubular damage was produced by the Cd-BAL complex 
and not by the Cd-thiosorbitol complex, the former was absorbed by the tubular 
epithelium and the BAL was oxidized sufficiently by the epithelial cells to free 
the toxic Cd++ which then damaged the tubular epithelium. The Cd-thiosorbi- 
tol complex, on the other hand, was not absorbed b 3 ' the tubule but was e.\creted 
by the kidney in a similar manner as certain polj’hj'dric alcohols such as sorbitol 
and mannitol. These polyhydric alcohols are filtered through the glomerulus 
and are not reabsorbed by the tubules. Reasoning bj' analog}’, it is possible 
that if BAL and phenylthiourea do temporarily unite in vivo, the complex is 
filtered through the glomerulus and is reabsorbed by the tubule. The BAL 
could then be oxidized and the phenylthiourea thus liberated continue its toxic 
effects on the lungs. To extend the analog}', the possibility also e.xists that the 
theoretical thiosorbitol-thiourea complex is non-to.xic because it remains e.xtra- 
cellular in all tissues, while the BAL-thiourea unit can easily enter some cells 
such as those of the pulmonar}' epithelium, the BAL then be oxidized, and the 
thiourea freed to exert its poisonous effects. On the other hand BAL alone has 
been shown by Modell et al. (6) to produce pulmonary edema. 

SuStMARY AND CONCLUSIONS 

1. Thiosorbitol is an effective antidote for intravenously administered phenyl- 
thiourea if it is given by the same route and immediately following the phenyl- 
thiourea. 

2. No antidotal effect is obsen-ed when thiosorbitol is given 30 minutes or 
longer after the administration of phenylthiourea. 

3. BAL increases rather than decreases the toxic effect of phenylthiourea. 
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In 1910 Barger and Dale (1) reported that a number of phenylethyl- and aU- 
phatic-amines exhibited physiological effects which they designated as sympatho- 
mimetic. This tjT)e of action subsequentlj’’ was found to be inherent in a number 
of phenylisopropylamine derivatives (2, 3). While most of the activitj’ in this 
field has been concerned nith studies on aralkylamines, considerable attention 
has been devoted to aliphatic amines (4, 5, 6, 7, 8, 9, 10, 11, 12) in recent years. 
Most of the sjTnpathomimetic amines have been appraised primarilj’’ for vaso- 
constnctor, bronchodilator or analeptic acti4it3’, however, certain of these agents 
recentl3' have been reported to exhibit such totall3' une.xpected actions as anal- 
getic and local anesthetic (13, 14, 15, 16). 

In the course of a S3'stematic stud3'' of alk3’l- and aralkyl-amines, the following 
aliphatic derivative was found to e.xhibit a number of interesting ph3'siological 
effects: 


CH, 

\ 

CH— CH-CH.— CH.— CH— CHj 

/ I 

CH. NH,— HCl 

2-Amiao-6-Meth}-lhept.'ine Hydrochloride (Code S-Sl) 

Analgesia. The effect of 2-amino-6-meth3'lheptane (S-51)" h5rirochloride on 
threshold pain stimulus in cats was determined by a method similar to that 
described 63' Eddy (17) . The variations in the normal thresholds by this method 
t’ere found to be of the order of 25 per cent. In the present studies, significant 
actirit5' was inferred if thresholds were elevated 100 per cent or more b3’ a given 
dose. This amount was not considered definite^ analgetic unless thresholds 
ii’ere elevated in at least 4 out of 5 cats. As shown in table 1, doses of 3.0, 5.0, 
7.5 and 10.0 mgra. per kilogram of bod3- weight’ induced a significant and con- 
sistent elevation of threshold pain stimulus without producing excessive side 
effects. While a marked elevation of threshold pain stimulus was observed 
after 15.0 mgm., side effects were pronounced. 

Local anesthesia. The topical local anesthetic acti\it3' of S-51 was de- 
termined in rabbits using the method previously described (18). As shown in 

’This investigation was supported in a large part by the Smith, Kline and French Lab- 
oratories Fellowship Fund. 

’ In order to facilitate discussion throughout the remainder of the te-vt, it is understood 
that S.5V refers to the hydrochloride salt of 2-amino -6-methylheptane unless otherwise 
specified. 

•Throughout the remainder of the text it is understood that all doses mentioned are per 
Liogram of body weight unless otherwise noted. 
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table 2, 1.0 per cent solution of S-51 produced anesthesia for an average of 13.1 
minutes. A stream of air was passed over a pledget containing the free base of 
S-51, which is volatile, and subscquentl 3 '- allowed to come in contact with a 
rabbit’s ej'e. This procedure was found to induce local anesthesia, but did not 
permit quantitative evaluation. Therefore, the local anesthetic activit 3 ' of 

TABLE 1 
Analgesia 


Effect of 2-amino-6-meth}']heptane hydrochloride (S-51) on threshold pain stimulus, 
after intraperitoneal injection in cats. 


DOSE 

KimBca/NtnxBES 
ANALC /USED 

UAXIUVU IVCtEASE XV TAIV 
TintEsnou) 

COMMENTS 

tnsm /k[Tn. 

15.0 

5/5 

frr cent 

378, 3SS, 194, 294, 301 

Convulsions-l/5 

General, tremors-3/5 

10.0 

10/10 

83,182,63,140,281,240 

63,218,93,225 

ConvuIsions-1/10 

SaIivated-7/10 

Pnnted-5/10 

7.5 

4/5 

160, 120, 116, 218 

No side cfi‘ectS'2/5 
Hypcrpnea-3/5 

5.0 

4/5 

141, 175, 213, 183 

Panted-l/5 

No side cffccts-4/5 

3.0 

6/5 

' 131, 121, H5. 119, 14S 

Dilated pupils-5/5 
Vomited-l/S 

Hyperpnca-2/5 

2 0 

2/5 

35, 50 

Dilated pupils-5/5 


TABLE 2 
Local anesthesia 

Topical application of 2-amino-6-niethyIheptane hydrochloride (S-51), free base, or 
cocaine hydrochloride to rabbits’ ej’es. 


COMPOUND 

NUMBEB OP TESTS 

CONCENTRATION 

AXTSACE DURATION Of 
ANESTHESIA 



per cent 

pttnules 

S-51 HCl . 

26 

1.0 

13.1 

S-51 (free base) 

21 

0.2 

14.1 

S-51 (free base) 

19 

0.1 

7.1 

Cocaine HCl 

20 

1.0 

19.5 


S-51 (free base) was appraised in aqueous solution and as shown in table 2, in 
0.1 and 0.2 per cent concentration produced anesthesia for an average of 7.1 
and 14.1 minutes respectively. Under present conditions, 1.0 per cent solution 
of cocaine hydrochloride exhibited local anesthetic activity for an average of 
19.5 minutes. 
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The fact that S-51 was found to diminish the excitibility of certain nen-e 
structures is interesting because the volatile free base of this substance might 
be utilized to decrease irritability of certain accessible afferent nerves such as 
those in the tracheo-bronchial tree. It appeared desirable, therefore, to de- 
termine whether or not the possible usefulness of S-51 would be complicated by 
marked S3’stemic effects or toxic properties. 

CiRcULATORr Acnox, The circulatory actmty of S-51 was appraised in 14 
■vagotomized atropinized dogs anesthetized uith pentobarbital sodium, and 
Standardized with epinephrine. In these experiments, the pressor acthdtj’ of 
0.00000&-0.000003 millimol of epinephrine was appro.ximated bj' 0.003 millimol 
of S-5i, therefore, its intravenous pressor activitj' is 1/500-1/1000 that of epi- 
aephrine. Since tacbj-phidaxis is readily apparent after S-51, onlj- one dose of 
this substance was injected in a given animal in all of the experiments involving 
determination of epinephrine equivalents. 

The effect of intravenous injection of 0.5 to 1.0 mgm. of S-51 was studied in 
8 vagotomized dogs anesthetized with pentobarbital sodium in which the spleen, 
a kidnej’, a section of small intestine and a leg were enclosed in plethj'smographs. 
In these e.xperiments, a negligible decrease in spleen, an increase in kidne3', leg 
and intestinal volume were noted. In 4 experiments on vagotomized dogs 
anesthetized with pentobarbital sodium, 1.0 mgm. of S-51 caused an increase in 
rate and amplitude of contraction of the heart as determined b3' a Cushne3' 
ill3'ocardiograph. 

ilIiscELn.vxEO0s EFFECTS IX .AXESTHETizED DOGS. In 15 e.xpeiiments on dogs 
anesthetized uith pentobarbital sodium, intravenous injection of 0.5 to 1.0 
ragm. of S-51 failed to produce a detectable effect on the small intestine, detrusor 
af the urinar3" bladder, urine secretion, respiration, vagus sensitmt3-, circulatorj' 
’■esponse to acet3-lcholine, {urfuryltTimeth3'l ammonium iodide or epinephrine. 

Isolated ixtestixe. The effect of concentrations of 1:10,000 to 1:200,000 
of S-51 was determined in 9 experiments on isolated segments of rabbit jejunum. 
In general, relaxation occurred throughout the entire dose range used. A slight 
and transient effect was noted in 1 :200,000, whereas marked and prolonged 
relaxation was observed in 1:10,000 concentration. In tavo experiments slight 
augmentation of the intestine was noted during exposure to 1:50,000 S-51. 

Motor actiatty. A method of detecting and summating spontaneous ac- 
tivity of rats has been dcA’eloped and utilized to measure the effect of a number of 
SA’mpathomimetic amines on the central ner\'ou.‘- s3'stem (19, 20). Stimulation 
'ras inferred if motor actiAnty increased after administration of a given compound. 
A record of the acti\’it3’- of a normal rat !■: illustrated in Fig. 1, A. Fig. 1, B is a 
k''mographic tracing Avhich illustrates the effect of 1.5 mgm. infr3peritonesIl3' 
of amphetamine sulfate on motor actmtA’ in rats. The increase in the number 
of vertical lines in this ca^e indicatc.s for the most part frequent moA'ement about 
the cage. Doses of 3.0 mgm. of amphetamine sulfate intraperitoncallA’ prod\iced 
o tA'pical effect (Fig. 1, C) This conristed almo‘-t entireh- of side-to-side head 
tnotion Avith little, if aoA’, moA'cment about tbc cage. S-51 was administered in 
do'-fc, of 20, 25 and .35 mgm. (Fig. 1, D, E, and F) intrapcritonealK' and 150 
uigm. (Fig. I, O) oralK-. While there is an indication of more activifA- after 
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A 






Fig. 1 . Motor activity of Rats. A Normal activity, B Activity after 1.5 mgm. Amphet- 
amine Sulfate intraperitoneally; C Activity after 3 0 mgm. Amphetamine Sulfate intra- 
peritoneallv; D, E, F. Activity after 20, 25 and 35 mgm of 2-amino-C-methylheptane hydro- 
chloride (S'-51) intraperitoneally, G. Activity after 150 mgm. of S-51 orally. All doses are 
mgm. per kilogram of body weight. 
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S-51 than that observed in normal rats, a typical "amphetamine-like” effect was 
never noted. 

Acute toxtcitt. Mice: Doses of 40 to 75 mgm. of S-Sl were injected in- 
traperitoneally in mice (table 3). From the observed mortality shown in table 
3, the LDjo was estimated to be 59 mgm. 

TABLE 3 
Acute toxicity 


Intraperitoneal injection of 2-aniinO'6-methylheptane hydrochloride (8-51) 


AKIUAL 

DOSE 

IfOUTAUTV 

&ATIO 

OBSESVATIONS 

Mice 

ntim./kim. 



40 

0/20 ; 

ltestlessness-20/20 


SO 

1/25 

Depression followed by e.\oitement-25/2S 


65 

13/20 1 

Tremors and convuhions-20/20 


75 

19/20 

1 

Convulsions-20/20 

Death 10 minutes after injection-19/20 

Hata 

30 

0/10 

Tremora-i/IO 

Increased activity-10/10 


40 

4/10 

Convulsions -8/10 

Tremors, salivation, increased activity-10/10 


50 

10/10 

Convulsions and death within 20 minutes 


60 

10/10 

Convulsions and death within 10 minutes. 

Rabbits 

50 


Tremors-2/6 


60 

3/6 

Convulsions and tremors-3/6 


75 

4/6 

Convul8ionB-4/6 

1 

100 

‘ 6/6 

Tremors-l/6 

Convulsions and death within 7-8 minutes. 

Guinea pigs 

25 

0/6 

Slight treinorB-6/6 


35 

2/6 

Convul8ionB-2/6 

Excitement-6/6 


50 

6/6 

Convulsions and death 1 hour after injection 


75 

6/6 

Convulsions and death i hour after injection 


100 

6/6 

Tremors, convul8ions-6/6 

Death 12-15 minutes after injection. 


Rais: S-61 was injected intraperitoneally in doses of 30 to 60 mgm., the mor- 
tality ratio shown in table 3 obtained and the estimated LDso found to be 41.5 
ragra. 

Rabbits: Intraperitoneal injections of 40 to 100 mgm- of S-51 were made in 
rabbits (table 3). From the mortality data shown in table 3, an estimated 
bDso of 44 mgm. w’as obtained. 

Guinea Pigs: In these animals 25 to 100 mgm. of S-51 were injected intra- 
peritoneally (table 3). From these data, an LDjo of 39 mgm. was estimated. 

Subacute toxicity. Each of 10 rats fTable 4) received daily intraperitoneal 
injections of 20 mgm. (approximatelj' one-half the LDw) of S-51 for 30 days. 
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At the end of this period these animols showed an average weight gain of 38 
grams. 

Nine rats (Table 4) were given daily oral doses of 100 mgm. of S-51 for 30 
days. After each administration all rats evidenced depression which was fol- 
lowed by piloerection and restlessness. These animals showed an average weight 
gain of 38 grams. Six other rats (Table 4) received oral doses of 75 mgm. of 
S-51 for 30 days. The only effect noted in these animals was slight depression. 
The average weight gain for this group of animals was 49 grams. 

Twenty-five mgm. (slightly in excess of one-half the LDjo) of S-51 were in- 
jected intraperitoneally in each of six guinea-pigs (Table 4) daily for a 30-day 
interval. All of the animals in this group evidenced slight tremors during the 
first few days of the injection period, but after several days had elapsed, slight 
restlessness was the only sj-mptom noted. Six other guinea-pigs received daily 
intraperitoneal injections of 20 mgm. (One-half the LDjo) of S-51 for 30 days. 

TABLE 4 
Subacute toxicity 

Oral and intraperitoneal adminietration of 2-Bmino4!-mothylhcptane hydrochloride 
(S-61) daily for 30 days. 


AKDUX. 

KUUBCt or 

ANtXAtS 

I0C7C or AJ>> 
kXNlSTtATXOH 

DOSS , 

AVZIUCS 

rrsfcnTBsrou 

INJSCnOH 

AVSBACZ 

wzicmr BHD or 

JO DATS 

Bats 

9 

P.O. 

mtft./kpH. 

100.0 

kfm. 

0.118 

itwt. 

0.166 

Kata 

6 

P.O. 

75.0 

0.109 

0.168 

Bats 

10 

Ip. 

20.0 

0.143 


Guinea pigo 

6 

Ip. 

20.0 

0.254 


Guinea pigs 

0 

Ip. 

25.Q 

0.242 

0.322 

Babbits 

8 

Ip. 

20.0 

2.07 

2.14 


All guinea-pigs receiving either the 20 or 25 mgm. dose gained weight throughout 
the period of administration (Table 4). 

Each of 8 rabbits received daily doses of 20 mgm. (approximately one half 
the LDto) of S-51 for 30 days. These animals evidenced little change in weight 
during the 30-day administration period (Table 4). 

At the end of the 30 day period of administration all of the animals in Table 4 
were sacrificed and sections of heart, lung, liver, kidney, spleen, intestine 
stomach and the entire brain and cord were removed. Examination of these 
specimens by Dr. Charles F. Branch revealed that S-51 did not produce tissue 
damage which could be detected histolo^cally. 

A number of experiments were carried out in which S-5l (free base) was in- 
haled by rabbits and rats. The primary purpose of these studies was to de- 
termine whether or not this material would produce irritation of the respiratory 
tract mucosa. Twenty rabbits were immobilized and arranged to inhale fixed 
doses of 5.0 to 10.0 mgm. of S-51 (free base) daily for a 10-day period. Twelve 
rats were placed in a gas chamber and subjected to continuous inhalation of 
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S-51 (free base) plus flavoring agents for 6 hours daily for 30 days. The air 
flow through the S-51 (free base) mixture was adjusted to a rate of 6 liters per 
minute in such a manner that 0.4 to 0.55 mgm. of S-51 (free base) were delivered 
in each liter of air throughout the entire six hour period. At the expiration of 
the 10 and 30 day period respectively, the rabbits and rats were sacrificed and 
the entire trachea, lungs, brain and cord as well as sections of kidney, spleen, 
intestine and stomach were removed. Examination of these tissues by Dr. 
(lharles F. Branch disclosed that S-51 did not induce histopathologically demon- 
strable damage. 


STJMMABT 

1. The threshold pain stimulus was elevated in cats after doses of 3.0-15.0 
mgm. per kilogram of body weight of 2-amino-6-me{hylheptane hydrochloride 
intraperitoneally. 

2. Local anesthesia w'as produced by tropical application of solutions of the 
hydrochloride or free base of 2-amLno-6-methj^lheptane to rabbit’s eyes. 

3. Intravenously in dogs anesthetized with pentobarbital sodium, 2-amino-6- 
methylheptane hydrochloride exhibited 1/500-1/1000 the pressor activity of 
epinephrine. 

4. As determined with a Cushny Myocardiograph, 2-amino-6-methyIheptane 
hj’droohloride was found to cause an increase in cardiac rate and amplitude of 
contraction. 

5. Intravenously in dogs, anesthetized with pentobarbital sodium, doses of 
0.5 to 1.0 mgm. per kilogram of body weight of 2-amino-6-methylheptane hydro- 
chloride had no detectable effect on the small intestine, detrusor of the urinary 
bladder, urine secretion or respiration. 

6. In general, concentrations of 1:10,000 to 1:200,000 of 2-amino-6-methyl- 
heptane hydrochloride caused relaxation of isolated segments of rabbit jejunum. 

7. Intraperitoneally in rats, 2-amino-6-methylheptane hydrochloride was 
found to be almost entirely devoid of a central nervous system stimulating action 
in non-toxic doses. 

8. Acute toxicity data were obtained on 2-amino-6-methylheptane hydro- 
chloride in mice, rats, rabbits and guinea-pigs. 

9. Large doses of 2-amino'6-methylheptane hydrochloride were administered 
daily for 30 daj>^s to rats, rabbits, and guinea-pigs.* Examination of the tissues 
removed from these animals disclosed that this compound did not induce histo- 
pathologically demonstrable damage. 

10. No histological evidence of irritation of the tracheo-bronchial tree mucosa 
Was noted in rabbits or rats which inhaled 2-amino-6-methylheptane free base 
daily for iQ and 30 days respectively. 
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At the present ■miting quite an extensive literature exists on the use of rutin, 
flavonols and fiavone derivatives in clinical conditions characterized by increased 
permeability and fragility of the capillaries. One of the difficulties encountered 
in evaluating the "vitamin P” potency of flavonols and flavone derivatives both 
clinically and in e.xperimental animals has been the lack of pure materials. 
Fortunately the isolation of rutin from bucku'heat by the Eastern Regional 
Research Laboratory- (1) has provided a readily- available source of a pure crys- 
talline compound which can be investigated e.xhaustively under clinical and 
experimental conditions. 

In 1936, the use of “citrin” or vitamin P was reported by Armentano, Bentsath, 
BSres, Rusznyak, and Szent-Gyorgy-i (2) to have some beneficial effect in man 
hy increasing the resistance of the capillary wall. Similar obser\-ations were 
made by Scarborough CS), using “citrin” and hesperidin, and GoJdfarb (4) used 
"citrin” and ascorbic acid in the treatment of psoriasis, lilore recently-, Griffith, 
Couch, and Lindauer (5) and Shanno (6) have reported that rutin, a rhamno- 
glucoside of the flavonol quercetin, increases the resistance of the capillary wall. 

A clear differentiation between fragility and permeability changes of the capil- 
laries has not been made and some confusion in the use of the terms exists in the 
literature. The demonstration of a protective action by- vitamin P against 
capillary damage in scorbutic guinea pigs has been attempted by- a number of 
investigators, and Bacharach, Coates and Middleton (7) have proposed a bio- 
assay method for \-itamin P. Essentially, the method is based upon a compari- 
son of the negative pressure values at which petechiae first appear in control 
and treated guinea pigs. This criterion apparently- involves an actual break of 
the capillaries. Likewise the determination of the petechial index in clinical 
cases by- Griffith and co-workers (5), and by Shanno (6) is probably- a measure 
of the breaking of capillaries. 

Griffith, Lindauer, Shanno and Couch (8) have studied ly-mph flow in patients 
by obsen-ing the spread of the blue colloidal dy-e; patent blue, follon-ing its 
injection into the anticubital space, an increasing spread of the dye being con- 
sidered as indicative of an increased ly-mph flow. These authors point out that 
increased cutaneous lymph flow indicates passage of fluid through the capillary- 
n-all, due to either increased capillary- pressure or increased capillary- permeability-, 

* Presented before the Society- for E.xperimental Biology and Medicine, Febmarj- 12 
1917. 
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and it is probable that increased permeability is often associated mth increased 
fragility. 

Attempts in this laboratoy (9) to demonstrate a protective action on the capil- 
laries of scorbutic guinea pigs by means of rutin have failed. Attention has, 
therefore, been turned to the development of a method of evaluation based 
upon permeability changes rather than increased fragilitj’. 

Method. It has been observed previously by others that the application to the skin of 
an irritant such ns chloroform, or the intracutaneous injection of histamine, results in the 
accumulation of intravenously injected trypan blue in the areas of inflammation. The 
local staining at the site of inflammation has been used quite extensively as a means of 
demonstrating local changes in capUInty permeability. For a discussion and revien" of the 
literature see Menkin (10). 

The permeability of the cutaneous capillaries was observed in 22 albino rabbits weighing 
2 to 4 kilograms each and maintained on Purina Rabbit Chow.» The ventral surface, 
from the symphysis pubis to the xiphoid process and extending laterally for about 4 cm. 
on each side of the raid-line, was depilated with barium sulfide 24 hours before the observa- 
tions were made. On the day of the test the rabbits were fastened back downward on ani- 
mal boards and the depilated surface marked off into 10 approximately equal squares. Each 
rabbit was given intravenously, by way of the marginal ear vein, 2 ml. of a 1 percent tiypan 
blue solution. 

Approximately 5 minutes later chloroform was applied to the skin by means of a cotton- 
tipped applicator (total diameter about 5 mm.). The applicator was dipped in chloroform, 
the excess removed by shaking, and the moistened applicator applied to the skin with slight 
pressure for 30 seconds. Usually these applications were made in pairs on each rabbit, 
the applications being on each side of the mid-line and toward opposite ends of the depilated 
surface. The lapse of time between application of the chloroform and the first definite 
appearance of dye in the irritated area was noted. As soon as this time was determined, 
0.25, 0.5, or 1 ml. per kilogram of body weight of a 20 percent solution of rutin in propylene 
glycol diluted with an equal volume of 0.9 percent sodium chloride or Ringer-Locke solu- 
tion was injected intravenously by way of the marginal ear vein. 

A 20 percent solution of rutin in propylene glycol was too viscous for intravenous injec- 
tion and therefore was diluted with an equal volume of saline. Such a diluted solution 
will become cloudy in a few minutes and somewhat later a precipitate of rutin settles out. 
However, when the solution was injected slowly immediately after being prepared none of 
the rabbits showed anaphylactoid symptoms. 

After injection of the rutin, chloroform was applied to new areas at appro.ximately 5- 
nunute intervals, and in some cases repeated applications were made until the time of dye 
appearance in the irritated area returned to the control values. IVTiere observations were 
made for more than one hour, additional injections of 1 ml. of trj’pan blue solution were 
made every hour. 

For the purpose of comparing the results produced by chloroform irritation with other 
procedures for producing capillary damage, histamine wheals were produced in 3 of the rab- 
bits, and in 6 others 30 mm. of negative pressure was applied to the depilated area for one 
minute by means of a standardized cup before and after the administration of rutin. Only 
two of the three procedures were applied to any one animal at any one time. Each individ- 
ual procedure was carried out in duplicate and repeated to ensure that the observed re- 
sponses were characteristic and reproducible. 

Results. In table 1 data are presented on the dye-appearance time in chloro- 
form-irritated areas, in histamine wheals and in areas under negative pressure. 

• Purina Rabbit Chow is specified as a part of the experimental conditions and not because 
it is regarded as superior or inferior to other commercial diets. 
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Before the administration of rutin the accumulation of the dye in the chloroform- 
irritated areas of 19 rabbits appeared in from 1 to 6 minutes. After rutin, the 
appearance of the dye in newly irritated areas occurred as early as 4 minutes and 
was delayed as much as 54 minutes. It is important to note that while there is 
considerable variation in the response of different rabbits each animal served as 
its own control, and that in every instance where 100 or more milligrams of rutin 
were injected the time value after rutin was greater than before. 

TABLE 1 

Cutaneous capillary permeability of trypan blue in rabbits before and after 
the intravenous administration of rutin 


TDCE (U1NDT1:S} OT APPTASANCE OF PVE WITH 


tABBIT NO. 

BUTIN 

Chloroform ^IVheftl | 

Histamine Wheal j 

[ Negative Pressure 


Before 

After 

Returns to 
Normal in 

Before 

After 

Before 

After 

■■ 



■i 





i 

mm 

200 

2 

m!m< 







200 

4 








200 

4 

30 






HI 

200 

2 

4 






12 

200 

2 

5 


1 




■ 4 

200 

[ 2 

9 

90 

1 




5 

200 

2 

5 

90 





13 

200 

3 

14 

58 





10 

200 

2 

8 

46 

5 

15 



8 

200 

6 

29 


t 7 

30* 



9 

200 

2 

23 


5 

19 



14 

100 

5 

13 






15 

100 

1 

54 

60 





17 

100 

1 

49 






18 

100 

6 

8 




3 I 

15 

19 

100 

3 

12 

51 i 



1 

30* 

20 

100 

2 

4 




mm 

30* 

21 

100 

3 

5 

27 




2 

22 

100 

5 

8 

24 




2 

16 

100 







30* 

15 

50 

1 

1 






17 

50 

1 

2 






— _ 









* No staining of wheal at time indicated. 


In the first 19 animals the average time of the dye-appearance in the chloro- 
form-irritated areas before rutin was 3 ± 0.3 minutes, and after rutin adminis- 
tration it was 15.7 ± 3.3 minutes. Following the injection of rutin obsenmtions 
Were made on 8 animals on the lapse of time before the dye-appearance time in 
newly irritated areas returned to normal. The shortest period of protection was 
24 and 27 minutes in tw’o animals, whereas two other rabbits showed some pro- 
tective action on the capillaries for as long as 90 minutes. 

The 3 rabbits in which histamine wheats were produced gave definite evridence 
that rutin delaved the onset of the staining of the wheals. Of the 6 rabbits to 
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which 30 mm. of negative pressure was applied for one minute 5 showed staining 
of the treated area immediately after removal of the suction cup, while the sLvth 
animal showed staining in 3 minutes. After rutin administration none of the 
rabbits showed staining immediately folloning removal of the cup; two showed 
staining in two minutes; one in 15 minutes; and the remaining three were un- 
stained after 30 minutes. 

Discussion. Of the three methods emplo\’ed to demonstrate the effect of 
rutin on capillary permeability, irritation by chloroform was the most satis- 
factory. In developing a method for testing permeability the use of negative 
pressure is objectionable since it may involve the fragility factor. The produc- 
tion of histamine wheals is less satisfactory than chloroform irritation because the 
areas involved are larger and fewer observations can be made on a given animal. 

The intravenous injection of rutin in a dose of 100 mg. per kilogram of body 
weight gave as good protection of the capillaries as did 200 mg. Onl 3 'two experi- 
ments were made using a dose of SO mg. since the protection appeared to be much 
less pronounced. Under the experimental eonditions employed, the demon- 
strable effects on capillarj' permeability were of relativelj’ short duration. The 
effects were first noticeable about 10 minutes after injection of the rutin and 
lasted for a maximum period of 90 minutes. This latent period of 10 minutes 
suggests that the protective action involves some mechanism other than the 
mere presence of rutin in the tissues. 

Examination of the rabbit urine, the urine of dogs which had been ^ven rutin 
intravenously, and the urine of one of us (A. M. A.) after oral administration of 
1 gram of rutin showed that rutin is excreted rapidlj'. This accounts for the 
short duration of the protective action. 

The procedure described affords a simple method for the detection of so-called 
“vitamin P” properties of various flavonols and flavone derivatives when in- 
travenous inj ection of the material in question is feasible. Studies are in progress 
on the applicability of the method when other routes of administration are re- 
quired. 


SUMMARY 

Investigations have been made on the use of trj^pan blue for the testing of 
cutaneous capillary permeability in rabbits after appl 3 dng chloroform to the 
skin; after intracutaneous injection of histamine, and after applying 30 mm. 
of mercury negative pressure to the skin. 

The intravenous administration to rabbits of rutin in doses of 100 or 200 mgm. 
per kilo of body weight definitely decreased cutaneous capillary permeability 
as determined by the methods employed. 
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In contrast with long-acting barbiturates such as barbital and phenobarbital 
which to a considerable extent are excreted unchanged in the urine, shorter- 
acting barbiturates such as amytal and pentobarbital (Nembutal) have not been 
found in the urine. Shonle and coworkers (1) were able to recover neither of 
the latter drugs in the urine and suggested .that the probable degradation prod- 
ucts were di-alkyl substituted acetyl urea and acetamide which “could be 
completely broken down into COj, H-O and NHj”. Thus, the great advantage 
of using a labeled drug to determine its fate is apparent. In the case of pento- 
barbital it is a necessity which led to the present experiments in which pento- 
barbital containing one atom of N” was administered to dogs and the distribu- 
tion of the stable isotope in the urine was followed: 

Methods. For the synthesis of the labeled pentobarbital sodium, labeled urea was 
first prepared in excellent yield by mixing in equimolecular amounts eoncentrated aqueous 
solutions of potassium cyanate and isotopic ammonium sulfate. The resultant slurry was 
diluted with 8-10 volumes of 95% ethanol and shaken at 40° for five days. Evapora- 
tion of the supernatant alcohol gave snow-white urea, which, before use, was reco’stuU't®^ 
from isopropanol and dried. The condensation with eth 3 ’l 1-methj'l butyl malonic eater 
and subsequent purification were carried out as described by Volwiler and Tabern (2). 
The labeled pentobarbital sodium contained 14.9 atom % of excess N*‘. 

Three experiments were performed in 3 different female dogs to which 50 mgm. per kgm. 
of dissolved drug were administered by stomach tube. The animals lapsed into coma in 
about 20 minutes and began to recover consciousness about S hours later. Two hundred 
ml. of water were given bj' stomach tube at 0, 3, and 8 hours. The animals were fed after 
the 24-hour sample of urine had been collected. Before the drug was given, the bladder 
was emptied by catheterization. Urine was secured by catheter 3 hours and 8 hours after 
the drug was administered. Subsequent samples were collected after 24 hours in metab- 
olism cages draining into bottles containing toluol. Further collections up to 48 or 72 
hours were continued in 2 animals; however, the low percentage of excess N“ in certain 
fractions of these samples either was within the limits of error of estimation of N“ in the 
mass spectrometer (±0.005% of excess N>‘) or the accuracy of determination of N’‘ 
was low so that data from such samples could readily lead to an erroneous conclusion con- 
cerning the total excretion of N“ even after 24 hours. 

The partition of the urinary N*‘ was determined as follows: Ammonia was adsorbed 
directly from the urine with permutit, and the ammonia, liberated by 2.5 N-sodium hydrox- 
ide in a micro-Kjeldahl distilling unit, was determined titrimetrically. Urea was then 
similarly determined on the washed supernatant of the same sample following the action 

1 This investigation was in part supported by a grant from the United States Public 
Health Service. 
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of a highly active sample of urease.* Finally, the total nitrogen was determined on an 
aliquot of the urine b3' means of a micro-Kjeldahl method. Blank determinations were 
alwaj’s run simultaneously to correct for traces of ammonia in the permutit and in the 
urease. The methods were found to pve satisfactory results, with excellent agreement 
between duplicate samples, when a standard solution of ammonium sulfate, urea, and 
creatinine was analyzed. Larger, but aimilarlj’ prepared distillates of urinary ammonia, 
urea, and “total” nitrogen were digested according to the procedure of Rittenberg and 
Shemin prior to isotopic analj'sis. We are indebted to Dr. D. Rittenberg for the mass- 
spectrometric determinations of N**. 


TABLE 1 


The excrelton of excess in the urine of dogs after the oral administration of 
SO mgm. per hgm. of pentobarbital sodium containing 14-9 atom % excess 
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* Total N - (NH,N + Urea N) 

* Error = ± 3% of value given 
Error = ± 6% of value given 

' Error = ± 25% of value given 
Error = ± 30% of value given 

* Error = ± 40% of value given 

' Error = db 50% of value given 

Including ammonia. 

Significance doubtful owing to low concentration of excess N“. 

Results and discussion. The results are summarized in table 1. Within 
24 hours after the oral administration of the pentobarbital sodium 59 to 71% 
of the total dose of had been e.xcreted (average 63%). The average e.xcretion 
tiy periods was: 0-3 hours, 8%; 4-8 hours, 16% and 9-24 hours, 39%. Thus, 
excretion was fairh- uniform and amounted to 2.5-3.0% of the total dose per 

’ The urease was kindly furnished by E. R. Squibb and Sons through the courtcs}' of Mr. 
R. J. Dahl. 
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hour in the first 24 hours. The data on the urine samples collected from animals 
2 and 3 between 24 and 48 hours do not deserve the same consideration as the 
other samples. The total excretion of ordinaij' nitrogen was high — especially 
in dog 3 — so that the error in the estimation of excess was of the order of 
25-30%. 

The striking finding was the remarkably small proportion of excess ex- 
creted as either ammonia or urea. Hence cleavage of the ring and further 
degradation was unequivocally demonstrated for only a small fraction of the 
total dose. The errors of determination of the N“ in urea ■were high. How- 
ever, if the maximum values for the excreted in this form in the first 24 
hours be calculated, less than 7% of N“ appeared in the urea fraction, less than 
1% was foimd as ammonia and nearly 93% occurred in the non-ammonia, non- 
urea fraction. This major fraction did not consist of unchanged pentobarbital. 
Like earlier workers, we have been vmable to extract imchanged pentobarbital 
from dog urine following its oral administration, even though it ^vas readily 
possible to recover added pentobarbital. In order more con'i'incingl}’’ to estab- 
lish that only trivial amounts were e.xcreted unchanged, an isotope dilution ex- 
periment was performed. The pooled urine excreted by dog 1 between 4 and 
24 hours was estimated to contain equivalent to about 300 mgm. of pento- 
barbital. Three hundred mgm. of ordinary pentobarbital sodium were added 
to the urine. The pentobarbital \vas then extracted and repeatedly recrystal- 
lized. The excess N'* after the second recrystallization was 0.438 per cent, and 
after the fifth recrystallization -was 0.442 per cent. Since the labeled pento- 
barbital contained 14.9 atom per cent e.xcess N'‘, the ratio, indicates 

14>9 oUU 

that only 8.8 mgm. of the administered drug was e.xcreted unchanged during these 
21 hours of the first da 3 '. This amount represented only 2.7 per cent of the 
total of drug represented by excreted during this period. 


SUMMARY 

After the oral administration of sodium pentobarbital (Nembutal) labeled 
with dogs excreted about 60% of the total dose of excess N“ in the urine 
during the first 24 hours. The excess N’* in the urinary a mm onia and urea 
represented less than 8% of the N“ so that more than 92% was excreted as 
pentobarbital or metabolic degradation products derived from the drug. In 
one isotope-dilution experiment, about 3% of the total excess N“ in the urine 
was found to be pentobarbital; this finding confirms the conclusion of other 
investigators that only minute amounts of pentobarbital are excreted unchanged. 
Possible structures of the major excretion product or products remain to 
be considered. 
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Streptomycin may be determined by alkaline degradation to maltol and the 
subsequent estimation of this substance by ultraviolet speotrophotometrj’’ or 
by the intenaty of the color developed upon the addition of ferric salts (1, 2). 
As this method is not applicable to solutions containing less than 4 or 5 mgm. of 
streptomycin per 100 ml., a more sensitive method is needed for the determina- 
tion of streptomj'ctn in body fluids. 

Such amethod is herein described. In principle it is based upon the interaction 
of the carbonyl group of streptomycin with a colored semicarbazide and sub- 
sequent colorimetric determination of the derivative so formed. The reagent 
used is 4-[4:-(p-chlorophen3iazo)-l-naphthyl) semicarbazide’. 



This substance is relativelj’ insoluble in water (less than 5 micrograms per 100 
ml.), but sufficiently soluble in certain organic solvents for present purposes, 
’l^en solution in methjd cellosolve (glj'col monomethj'l ether) is mixed with an 
aqueous solution of streptomjxin of appropriate aciditj', the semicarbazone 
derivative is readilj’ formed. Following this reaction the excess of the reagent is 
removed bj’ extraction with chloroform in which the streptomjxin derivative is 
apparentl j' insoluble. Colorimetric estimation of the colored streptomjxin semi- 
carbazone remaining in the aqueous phaseis facilitated bj' the addition of an equal 
volume of concentrated hj'drochloric acid which, as in the case with manj" other 
azo dj’es, results in the formation of an intense blue color. The peak absorption 
of solutions so formed was found to be at 580 millimicrons when examined in a 
Beckman spectrophotometer. 

The reaction between streptomjxin and the semicarbazide reagent does not go 
to completion in homogeneous solution and a number of factors appear to con- 

* This investigation has been aided by a grant from the U. S. Public Health Service. 

Thanks are due Dr. Bichard Pasternack of Chas. Pfizer and Co. , Dr. Oskar "Wintersteiner 
of the Squibb Institute for Medical Research, Dr. Henry Welch of the Food and Drug Ad- 
ministration, and Dr. A. C. Bratton, Jr. of Parke, Davis and Co. and for samples of salts of 
fitreptom 3 'cin and analj’tical and bioassay data on these. We are indebted to Dr. A. W. 
Goos of Cliffs Don- Chemical Co. for a generous sample of maltol. 

*This is one of several hydrazine derivatives currently' under investigation in this lab- 
oratory as reagents for the colorimetric or fluorimetric determination of substances having 
reactive carbonyl groups. 
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dition the extent of the reaction. As in other reactions of this tj’pe, the acidity 
of the reaction mixture is of considerable importance. The amount of the semi- 
carbazide reagent necessary for the maximal formation of the semicarbazone de- 
pends on the volume of the streptomycin solution used for the determination. 
Thus, with the same total amoimt of streptomj’cin in 1 ml. and in 4 ml. of solu- 
tion, it required about three times as much semicarbazide to form the same 
amount of semicarbazone in the larger volume of solution. Since, trichloroacetic 
acid has been found to be the most satisfactory reagent for the deproteinization 
of plasma prior to the determination of streptomycin bj' the present method, 
aqueous solutions of streptomycin are treated with a quantity of this reagent 
sufficient to yield a 3 per cent solution prior to the addition of the semicarbazide 
reagent. The latter contains sodium acetate and acetic acid in amounts empiri- 
cally found to jdeld the maximum rate of conversion of streptomycin to the col- 
ored semicarbazone. With the concentrations chosen for this purpose, maximal 
conversion occurs in less than 15 minutes at the temperature of a boiling water 
bath. At room temperature the extent of this conversion in 1 hour and in 16 
hours was found to be respectively but 10 per cent and 50 per cent of the maximal 
value. 

Commercial preparations of the calcium chloride double salt of streptomycin 
trihydrochloride contain variable amounts of methanol and water which cannot 
be completely removed by conventional drjing procedures without some inacti- 
vation of the base. Accordingly, the base content of a given streptomj’cin 
preparation chosen as a standard of reference must be calculated from other data. 
As the results of antibacterial assaj’s are not sufficiently precise for this purpose, 
recourse must be had to analj’tical data supplied mth the sample or to a deter- 
mination of the maltol formed upon alkaline degradation of the base (1). This 
situation is further complicated bj’ the recent discoverj’ (3) that concentrates of 
streptomycin contain two components, designated A and B. As j’et, information 
concerning the extent of occurrence of these two streptomj’eins in commercial 
preparations is lacking. 

Throughout the present investigation we have utilized as a primary standard 
of reference an analyzed sample of the calcium chloride double salt of streptomj’- 
cin trihydrochloride found to be free of streptomj’cin B and apparentlj' homoge- 
neous when assayed by Craig’s (4) technique of countercurrent extraction. De- 
terminations of the water and methoxyl content of this sample indicated that it 
contained 64 per cent of streptomycin (base). A quantity of this salt equivalent 
to 1 mgm. of streptomycin base was found to jdeld 0.145 mgm. of maltol upon 
alkaline degradation by the technique to be described later. By means of this 
technique and by means of the colorimetric semicarbazone procedure described 
below, the streptomycin content of five other preparations of streptomycin salts 
was determined. As will be evident on examination of the data in table 1 the 
values so obtained agree reasonably well with the streptomycin contents of these 
preparations calculated from the results of direct determinations of the water, 
methanol and, in three instances, the nitrogen content. Accordingly, in routine 
use of the colorimetric method for the determination of streptomj’cin described 



DETEKSHNATION OF STREPTOMYCIN 


369 


below one may use as a standard of comparison any sample of a streptomycin salt 
for which adequate determinations of these quantities are available. 

Under the conditions described for the determination of streptomycin by 
means of the semicarbazide reagent, streptobiosamine does not appear to react 
with the reagent. This is also true of dihydrostreptomycin which cannot so 
react because of the absence of a reactive carbonyl group. 

Urine contains substances which interfere with the determination of strepto- 
mycin by the colorimetric method outlined above. Consequently, the determi- 
nation of the streptom3’'cin content of urine is best made by estimation of the 
maltol formed upon alkaline degradation of the former substance. This degra- 
dation does not occur in stoichiometric fashion, hence it is probable that the 
quantity of maltol formed from a given weight of streptomycin will vary as con- 


TABLB 1 

Streptomycin content of some streptomycin salts 
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* The nature and source of these six samples of streptomycin salts were as follows: A, 
a crystalline double salt of calcium chloride of streptomycin A, trihydrochloride mentioned 
in the text from the Squibb Institute of Medical Research; B, a similar salt of streptomycin 
from Chas. Pfizer & Co.; C, a similar salt, from Parke, Davis & Co.; D, the Food and 
Drug Administration Master sample of this double salt prepared by pooling preparations 
obtained from Merck and from Pfizer; E, an amorphous trihydrochloride of strepto- 
aiycin prepared from the crj'stalline helianthate obtained from the Squibb Institute of 
Medical Research, and F, a purified sulfate prepared from recrystallized hydrochloride- 
calcium chloride double salt, from Chas. Pfizer & Co. 


ditions selected for the conduct of this degradation are varied. The procedure 
developed in this laboratory for the degradation of streptomycin in both aqueous 
solutions and in urine allows the conversion of a constant fraction of the strepto- 
mj’cin present to maltol. Thus the results of assaj's of streptomycin salts by 
the maltol method and by means of the semicarbazide reagent yield results in 
good agreement with one another as shown in table 1. 

Solutions of maltol jdeld a violet color upon treatment with solutions of ferric 
salts (4). In the presence of an excess ferric nitrate the intensity of the color 
formed is directlj- proportional to the maltol content of solutions examined. As 
Urine contains substances which yield colored products nith ferric salts, this 
reaction cannot be satisfactorilj' applied directlj' to urine in which maltol is 
formed. Interference of this nature islargely eliminated by extracting the maltol 
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with chlorofonn, in which it is readily soluble, prior to treatment with ferric 
nitrate solution which maj' be added directly to the chloroform extract. This 
procedure has the added advantage that it allows one to effect a considerable 
concentration of the maltol and thus enhance the sensiti\’ity of the anal3'tical 
method. While ferric chloride jdelds the same color with maltol as does ferric 
nitrate, it is not as satisfactory a reagent as is the latter for this purpose because 
of its relativelj' greater solubilitj’ in chloroform. 

PbEPABATION of 4-[4-(p-CHI,OROPHENrLAZO)-l-NAPHTHn:,]SEjnC.ARBAZn)E. 

The colored semicarbazide utilized as a reagent in the present method for the 
determination of streptomycin has not been previouslj' described.' It is prepared 
bj’ the interaction of the azo d3-e, 4-(p-chlorophen3-l)-l-naphth3’Iamine, with 
acetone semicarbazone to 300^ 4-[4-(p-chlorophen3'lazo)-l-naphthyl]-l-iso- 
propylidene semicarbazide and subsequent removal of the isoprop3'lidine moiet3' 
b3^ acid h3'drolysis to 3deld 4-[4-(p-chiorophen3'lazo)-l-naphth3-I] semicarbazide. 
The azo dye used as a starting material has been previousl3' described (6). As 
it is not obtainable from commercial sources, a method for its preparation is 
included in the description of the sjoithetic methods which we have erap]o3'ed 
for the preparation of our reagent. Only the last step in the sequence of opera- 
tions involved in these methods requires comment. In the final acid hydrob’sis 
the conditions described for the conduct of this operation and the purification 
of the ultimate product must be carefulb' followed, because, incident to the 
h3'drolysis, secondary products are formed which interfere nith quantitative 
color formation in the final stage of the anab'tical procedure unless the3' are 
removed b3' treatment with ethanol in the fashion described. 

4-(,p-Chlorophenyl)-l-naphlhylamine. A solution of 50 grams of sodium acetate 
trihydrate in 600 ml. of water was added to a solution of 14.3 grams (0.1 mole) of 
of-naphthylamine in 400 ml. of ethanol and the mixture was cooled to 0° b3' 
means of an ice-salt bath. A solution of 12.8 grams (0.1 mole) of p-chloroaniline 
in 300 ml. of water and 30 ml. of concentrated h3rirochloric acid maintained at a 
temperature below 5° was diazotized in conventional fashion b3' the addition of 
a solution of 8 grams of sodium nitrite in 100 ml. of water. This solution was 
then added dropwise to the naphthylamine solution which was continuousb' 
stirred by means of a powerful mechanical stirrer and maintained at a tempera- 
ture below 5°. Stirring was continued for one-half hour after the addition of the 
solution of the diazonium salt. The product was separated b3’’ filtration and 
washed with water until the washings ivere free of chloride ion. This is a tedious 
process which requires approximately 5 hours. The d3’-e thus obtained was dried 
to constant weight in an oven maintained at 70°, whereby 30 grams of material 
melting with decomposition at 174-181° were obtained. This crude product was 
recrystallized from approximately 600 ml. of boiling benzene from which it 
separated on cooling as fine orange needles which melted with decomposition at 
187-189°. Yield, 18.5 grams (66% of the theoretical). 

4- [ 4 -(_p-Chlorophenylazo)-l-naphthyl]-l-isopropylidenesemicarhazide. A mix- 
ture of 5.6 grams (0.02 mole) of recrystallized 4-(p-chlorophenylazo)-l-naphthyl- 
amine, 2.4 grams (0.02 mole) of acetone semicarbazone and 90 ml. of purified 
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xylene was refluxed for 3 hours, cooled and filtered. The solid product was 
washed with water and then repeatedly with ethanol until 1 ml. of the washings 
upon treatment with 1 drop of 6 N hydrochloric acid failed to yield a purple 
color. The product (5.6 grams, 74% of the theoretical) was obtained as fine 
orange needles which decomposed at 261-263° when placed in a melting point 
bath initially at a temperature of 258-260°. 

Calc, for CsoHisNsOCl: N, 18.4; found N, 18.2 

4-U-(3>-Chhrophmylazo)-l~naphthyl]semicaTbazide. Five grams of the finely 
powdered isopropylidene derivative were added to a boiling mixture of 100 ml. 
of concentrated hydrochloric acid and 200 ml. of ethanol. The mixture was re- 
fluxed for 30 minutes, cooled and then treated with 10 grams of sodium acetate 
triliydrate and sufficient 6 N sodium hydroxide solution to bring the pH of the 
mixture to approximately 7 as estimated by Hydrion paper. After filtration, the 
solid product w’as washed wdth water until free of chloride ion, then repeatedly 
with ethanol until the washings were no longer colored red. The crude dry 
product was recrystallized by boiling with ethanol (1 ml. per mgm.) for 30 min- 
utes. The alcoholic solution thus obtained was concentrated by distillation in 
vacuo at a bath temperature of 45-50°, until a definite separation of crystals 
occurred and then left overnight in an ice-box. The crystals thus obtained were 
recrj'stallized in the same manner. By this means 4-[4-(p-chlorophenylazo)-l- 
naphthyl] semicarbazide is obtained in variable yield approximating 25 per cent 
of the theoretical as an orange crystalline powder which, upon heating, darkens 
at 235-240° and decomposes at 260-290° depending upon the rate of heating. 

Calc, for CirHijONjCl: N, 20.6; found N, 20.6 

Determination of streptomycin in plasma reagents. 1. 0.133 gram of 
4-[4-(p-chlorophenylazo-l-naphth3d] semicarbazide prepared as above described 
IS dissolved in approximately 50 ml. of redistilled methyl cellosolve by warming 
to 50°. 2.66 grams of sodium acetate trihydrate are dissolved in the solution so 
obtained, then 8.3 ml. of glacial acetic acid is added. The mixture is brought to 
room temperature and diluted with methyl cellosolve to 100 ml. 

2. Chloroform, reagent grade 

3. Concentrated hydrochloric acid 

4. Trichloroacetic acid, 15 grams in sufficient water to jdeld 100 ml. of solution. 

The procedure described below can be applied to aqueous solutions of strepto- 

mjxin salts or to deproteinized plasma. It is not suitable for the determination 
of streptomj'cin content of urine. 

Plasma (1 ml.), obtained from oxalated blood, is diluted with 3 ml. of water, 
precipitated with 1 ml. of 15 per cent trichloroacetic acid, and after standing for 
20 minutes, the mixture is centrifuged. Three ml. of the plasma centrifugate so 
obtained or a like volume of streptom 3 'cin solution containing 3 per cent of 
trichloroacetic acid are added to 3 ml. of the semicarbazide reagent contained in 
a glass-stoppered centrifuge tube graduated at 3.5 ml. The tube is heated for 
15 minutes in an actively boiling water bath, then cooled by immersion in ice- 
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water. Ten ml. of chloroform are added to the reaction mixture and the stop- 
pered tube is shaken at least 1(X) times. After separation of the two phases the 
chloroform is removed with the help of a pipette whose lip has been drawn out 
to a fine capillary. This extraction is repeated nith two more 10 ml. quantities 
of chloroform and sufiicient water added to the aqueous phase to bring its volume 
to 3.5 ml. After mixing, 3 ml. of this solution are treated with 3 ml. of concen- 
trated hydrochloric acid and allowed to come to room temperature. The maxi- 
mum color develops immediately and is stable for at least 1 hour. The color 
intensity is determined in a Klett-Summerson colorimeter equipped with a 580 
millimicron filter. In this connection, it should be noted that the refractive indax 
of aqueous solutions of hydrochloric acid and water differ from that of water 
sufficiently to cause an error in the colorimeter reading when the light in the 
optical system is not collimated. This error is eliminated by setting the zero of 
the colorimeter with a mixture of equal volumes of concentrated hydrochloric 


TABLE 2 

Reproducibililj/ of method 
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12 

36 

8.7 

7 

6 

18 

5.0 

G 

3 

9 

4.2 


• The average deviations of single determinations were calculated by dividing the sum 
of all deviations from the average by the number of measurements. 


acid and a solution obtained by adding 30 ml. of methyl cellosolve to 100 ml. of 
water. 

Data on the reproducibility of this method and the proportionality of the in- 
tensity of color formation when applied to aqueous solutions of pure streptomycin 
are given in table 2. Application of this method of analysis to known solutions 
of streptomycin in human plasma allows reasonably good recovery as shown 
by the data of table 3. Normal plasma yields a blank upon treatment with the 
semicarbazide reagent. Plasma obtained from the blood of thirteen normal 
humans yielded a blank, calculated as streptomycin, of 0.27 mgm. per cent with 
an average diviation of a single determination of 0.08 mgm. per cent. 

Determination of streptomycin in urine. Two variations in procedure 
have been devised to allow analysis of urine samples containing different quanti- 
ties of streptomycin. 

Reagents. Sodium hydroxide, 2.5 N 
Hydrochloric acid, 4 N 
Chloroform, reagent grade 
Ferric nitrate, stock solution. 
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Dissolve 0.5 gram ferric nitrate nomahydrate in 100 ml. of 0.035 N nitric acid. 
For use in the first of the two procedures described below 25 ml. of this stock 
solution are diluted to 100 ml. with water to yield “concentrated iron reagent.” 
For use in the second of these procedures 5 ml. of the stock solution are diluted to 
100 ml. with water to yield “dilute iron reagent.” 

Procedure 1. Three ml. of diluted urine (containing no more than 2 mgm. of 
streptomycin) are mixed with 0.7 ml. of 2.5 N sodium hj-droxide in a 125 ml. 
glass-stoppered p3Tex bottle. This is immersed in a boUing water bath for 5 
minutes, cooled in ice-water, 0.5 ml. of 4 N hs'drochloric acid and 60 ml. of chloro- 
form are added to the contents of the bottle which is then shaken for 5 minutes. 
Fifty ml. of the chloroform phase are withdrawn and shaken for 5 minutes with 


TABLE 3 

Recoveries from human plasma 
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TABLE 4 

Recovery of streptomycin from urine 
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4 
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1:2 

30 

4 
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10 ml. of the concentrated iron reagent. A portion of the aqueous phase is with- 
drawn and the relative optical density determined in a colorimeter equipped with 
a standard green filter (545 millimicrons). The absorption peak of the iron- 
maltol comple.x is broad and reaches a maximum at 530 millimicrons. The 
colorimeter reading is corrected for the blank on each sample of urine used. This 
is determined by treating another sample of the urine in the same fashion as above 
described but without the addition of sodium hydro.xide and heating. 

Procedure 3. To 1 ml. of diluted urine (containing between 1 and 3 mgm. of 
streptomycin) contained in a 60 ml. glass-stoppered bottle 0.2 ml. of 2.5 N 
sodium hydroxide is added and the mixture heated in a boiling water bath for 5 
minutes. After cooling by immersion in ice-water 0.15 ml. of 4 N hydrochloric 
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acid and 20 ml. of chloroform are added to the eontents of the bottle which is then 
s a 'en for 5 minutes. Ten ml. of the chloroform phase are withdrawn and 
shaken for 5 minutes with 10 ml. of the dilute iron reagent. A portion of the 
aqueous phase is wthdraB-n for estimation of the intensity of color. As in pro- 
cedure 1, the blank value of the urine under e.vamination is determined bj’ extrac- 
tion of a sample of the urine with chloroform, B-ithout the addition of sodium 
hydro.xide and heating, and subsequent treatment of the extract Bitli the dilute 
iron reagent. 

Standardization of both of these procedures is achieved by estimation of the 
CO or intensity resulting from their application to three dilutions of a solution of 
a streptomycin salt of known base content. As shown by the data in table 4, 
t ese methods of ana! 3 'sis allow satisfactorj’ recoverj' of streptomvcin added to 
human urine. 

A simplified variation of the above described procedures has proven useful for 
t e assaj of streptom 3 'cin salts. In this variation 1 ml. of an aqueous solution of 
streptom 3 -cin containing 1 to 2 mgm. of this substance is mixed B-ith 1 ml. of 0.2 
1 1 sodium carbonate and heated for 10 minutes in a boihng water bath. The 
cooled solution is then treated with 0.4 ml. of N hydrochloric acid and diluted to 
a 10 ume of 10 ml. with dilute iron reagent. The color developed is compared 
with that 3 'ielded by a solution of pure maltol when treated similarly but with 
elimination of the heating period. When assa 3 ’ed in this fashion, our reference 
sample of the calcium chloride double salt of streptomycin A trih 3 ’drochloride 
was found to 3 deld 0.145 mgni. of maltol per mgm. of base. This is equivalent 
to 66 per cent of the theoretical 3 'ield if one assumes one molecule of streptomi'cin 
to 3 leld one molecule of maltol. As this value is readil 3 ’ reproducible it offers a 
means of assa 3 dng the streptomycin content of salts or solutions for which other 
analytical data are not available. 


SUMMARY 

A chemical method for determining streptom 3 'cin in plasma and aqueous solu- 
tion is described. It is based on the reaction of streptomycin with a colored 
semicarbazide. 

Pioceduies for determining streptom 3 'cin in urine and aqueous solutions are 
described based on its degradation to maltol. 

We wish to thank Mildred Salchunis and jMarjorie McBurne 3 ^ for technical 
assistance 
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